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ABSTRACT
In anticipation o f the regional demand for tomatillo (Physalis ixocarpa Brot.)
for the fresh market and sauce industry, four years o f research trials (1990-1993)
showed a significant adaptation of tomatillo to Louisiana planting conditions where,
like tomato, it performed best in the cooler temperatures o f spring and early fall.
Field surveys indicated that virus diseases were major constraints on production. A
foliar mosaic and yellow mottle found commonly affecting plants was caused by
Physalis mosaic virus (PhyMV), identified by host reaction, electron microscopy,
serology, and dsRNA analysis.

Cucumber mosaic virus (CMV) and tomato spotted

wilt virus (TSWV) were also found.

Potato flea beetles, aphids, and thrips

transmitted PhyM V, CM V, and TSW V, respectively. A high incidence o f aphids and
thrips occurred during the flowering periods o f tomatillo (May and October) while flea
beetle populations began to appear in May and peaked in late September to early
October.
Field evaluations o f insecticides
(Helicoverpa
cypermethrin,

zea

Boddie)

esfenvalerate,

indicated

for the control o f tomato fruitworm

that

cyfluthrin)

pyrethroid

were

treatments

significantly

more

(permethrin,
effective in

controlling this pest than the organophosphates (azinphos-methyl, methomyl), a
carbamate (carbaryl), or an organochlorine (endosulfan).
Greenhouse and field weed control studies showed that tomatillo was tolerant
to pendimethalin, napropamide, trifluralin, metolachlor, sethoxydim, quizalofop, and
fluazifop-butyl. Tomatillo was more sensitive to alachlor and clomazone, and showed

no tolerance to metribuzin, acifluorfen, imazethapyr, and foinesafen.

Full season

control o f many grass and broadleaf weeds was obtained without reducing tomatillo
yields with sequential treatments o f metolachlor,

trifluralin, napropamide, or

pendimethalin preemergence followed by sethoxydim, fluazifop-butyl, or quizalofop
postemergence.
In the spring and fall tomatillo transplantings, the aluminum mulch +
insecticide treatment provided a high level o f fruitworm and insect vector control and
gave higher yields.

Beneficial effects of mulching, such as insect repellency, weed

control, adjustment o f soil temperature, reduction of water percolation, and prevention
o f fruit rot caused by Rhizocronia solani and other soilborne pathogens accounted for
increased yields.
Pest management techniques for tomatillo in Louisiana were outlined in detail
along with production practices.

INTRO DUCTIO N
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CULTIVATION AND DESCRIPTIO N
Tomatillo (Physalis ixocarpa Brot.), commonly known as the husk tomato, and
by the Spanish names of tomate de cascara, tomate verde, tomate de fresadilla, and
miltomate, is a vegetable that has been widely cultivated for its fruit in Mexico and
Central America from the time o f the Aztec empire (Saray-Meza et al., 1978;
Cartujano-Escobar et a h , 1985; Mulato-Brito et a h , 1985). This crop bears globular
fruits enclosed in an inflated bladder-like calyx which becomes papery at maturity and
is used with hot peppers to prepare green, savory sauces for popular dishes such as
tacos and enchiladas.

Its consumption in Central Mexico amounts to about 10% of

that o f the red tomato (Cartujano-Escobar et a h , 1985).
Tomatillo is widely cultivated in central Mexico with over 15,000 ha in
cultivation and with yields averaging about 10,600 kg/ha (SARH/DGEA, 1984).

It

is often produced at elevations over 800 m where the average weekly temperature is
62-72 F° (Mosino-Aleman, 1974; Brito et a h , 1985). This corresponds with the cool
weather conditions (Spring and Fall) in Louisiana.

The "Rendidora" cultivar is

commonly cultivated in the state of Morelos in Mexico due to its fertility and to the
larger size of its fruit (Saray & Loya, 1978; Cardenas, 1981).

Tomatillo was also

introduced to the USSR by the Vavilov expeditions (Medvedev, 1958). Trials o f its
cultivation were also conducted in Spain (Cuartero et a h , 1983). In Poland, it was
introduced in 1983 and was found to grow satisfactory in home gardens in the climate
o f central Poland (Borkowski,

1984; Jankievicz et a h ,

1987).

The crop was

transplanted to the field on May 15 through 20 and the main fruiting occurred in

August and September. The yield reached 15,000-39,000 kg/ha in Poland (GarzonTiznado & Garay-Alvarez, 1986).
Tomatillo is now gaining significant importance in United States markets as a
major component o f Mexican-style sauces. Commercial cropping has been successful
along the central and south coasts of California (Riverside, San Bernardino, San
Diego, San Luis Obispo, and Santa Barbara counties), as well as in the low deserts
o f the Central Valley. However, tomatillo yields vary considerably (1,600 to 11,000
kg/ha) as there has been little research on the breeding and cultural practices o f this
crop (Myers,

1991).

According to Melhus and Smith (1953), husk tomato

transplanted outside on May 5 at Ames, Iowa, began to blossom June 15 and fruit
started to ripen in late July.

The vines grew 0.45 to 0.60 m tall, with a canopy o f

diameter 0.75 to 1.20 m, and produced an average yield of 1.14 kg per plant or about
22,000 kg/ha.
CULTIVAR DEVELO PM ENT
A characteristic feature o f the tomatillo (ex. Rendidora) is that it can have two
types o f growth, that is, prostate or erect (Cartujano et al., 1985).

Plants o f the

prostrate type generally show more vigorous growth, reach maximum yields earlier
and tend to produce higher yields than erect plants. From the economic perspective,
early fruit setting is an advantage because the plants may avoid the attack o f insects
and diseases, which are usually intensified towards the end o f plant life. Mulato-Brito
et al., (1985) described the phenomenon o f different length o f internodes in different
zones o f apparent main branches in the vegetative growth o f tomatillo. They found

the internodes o f maximum length in the middle part o f the stem. It was also found
that the internodes o f the apparent lateral branches were shorter and were also
growing more slowly. In addition, the apparent lateral and sublateral branches do not
produce fruit suitable for harvesting. Although the main and lateral branches show
continuous growth up to the death of the plant, the nodes o f main branches are more
fertile than those o f the lateral and sublateral branches, due to their greater
competitiveness, thus producing better conditions for fruit development.
The development o f the reproductive parts o f tomatillo plants is characterized
by an increasing number o f flower buds as plants are more ramified (Cartujano et al.,
1985). The number o f flower buds and flowers existing on a plant was highest at the
fifth week after emergence and showed a second lower peak at the eleventh week after
emergence.

Probably, due to the great number o f fruits present at the same time on

the plant, they compete strongly with each other for the limited supply o f nutrients
and in consequence, a great proportion of them are shed before reaching commercial
size. As shown by Mulato-Brito et al., (1985), abscision o f small fruits mainly occurs
from the apparent lateral and sublateral branches and much less from the main
branches.

In general, the phenology o f tomatillo reproduction consists o f the

following stages: differentiation of flower buds 17-20 days after seeding, the first
flowers forming after 28-30 days, fruit set at 35 days, and maturation at 55-57 days
after seeding (Saray-Meza, 1974).

5
SELF-INCO M PATIBILITY AND GENETIC VARIATION
Cultivation of tomatillo can be difficult because o f its wide range o f genetic
variability in plant size, leaf shape, fruit size, and yield potential, due to its system
o f reproduction which assures outcrossing via self-incompatibility (Patil, 1967;
Quiros, 1984).

The spectrum o f self-incompatible phenotypes observed after self-

pollination included plants totally self-incompatible, plants with parthenogenic fruit,
or plants with various degrees of self-incompatibility that were subject to low seed
production and germination.

Pandey (1957) studied the progenies o f reciprocal

crosses between two related plants o f P. ixocarpa. A one-way cross gave two intrasterile, intra fertile groups in the progeny. The reciprocal cross, however, produced
five intra-sterile groups. Some of the inter-group crosses were compatible and others
incompatible.

So, he postulated that the genetic control o f incompatibility in P.

ixocarpa is due to two independently segregating loci, each with a series o f multiple
alleles.
Quiros (1984) found a wide range o f self-incompatibility phenotypes obtained
from self-pollination of tomatillo. He concluded that factors other than the two genes
reported by Pandey (1957) were involved in the determination o f self-incompatibility
in P. ixocarpa. The fact that the proportion o f self-incompatible plants, germination
of self-compatible plants, and the low number o f self-compatible plants observed in
the progenies of self-compatible parents might be due to severe inbreeding depression.
It might affect the process of fertilization by weakening the male gametes to a point
where they are unable to germinate or reach the ovules. Thus, it seems that the self
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incompatibility of P. ixocarpa is a multigenic trait o f low heritability, possibly
affected by inbreeding depression and environment. Furthermore, the progenies from
inbred plants produced weak individuals and several morphological variants, including
plants with leaf variegation, and stem and floral abnormalities.

Quiros (1985) also

found that doubling of the tomatillo chromosome number did not eliminate
incompatibility of this species as found by Pandey (1957).
Patil (1967) observed the presence of an accessory chromosome in P. ixocarpa
in addition to the normal complement of 211=24, and postulated that this accessory
chromosome or a gene situated on it caused the self-incompatibility. However, this
assumption could not explain the self-incompatibility observed by Pandey (1957) and
Quiros (1984).
SELECTION AND CO NTRO L O F VARIATION
Tomatillo exhibits gametophytic

self-incompatibility which

makes

pollination very difficult and leads to great variability in the population.

selfThis

characteristic is undesirable when the goal is to obtain commercial varieties of uniform
quality, high productivity, and with a significant degree of disease and pest resistance
or plants with a particular growth habit. One way of fixing agriculturally important
traits may be through the asexual propagation o f selected individuals. This approach
could be useful for the vegetative multiplication o f tomatillo.

Stem cuttings o f P.

ixocarpa root very quickly in wet sand, a possible help for the breeder, who could
perform selections in the field and obtain cuttings from the best plants to regrow them
under isolation for controlled pollination (Quiros, 1984). To date, research on in vitro
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plant regeneration from tissues of P. ixocarpa (Moriconi, 1988), was successful in
regenerating plants from leaf discs or hypocotyl and epicotyl explants grown on
medium consisting of Murashige-Skoog (MS), B5 Vitamins, 3% sucrose, 0.25%
Gelrite or 0.7% phytoagar, supplemented with 4 mg/1 2,4-dichlorophenoxyacetic acid
(2,4-D) to induce callus formation.

Shoots and embryoids were formed on callus

transferred to basal MS medium supplemented with 1.0 mg/1 benzylamino-purine (BA)
and 0.5 mg/1 indol-3-acetic acid (1AA) (Moriconi, 1988). Recently, Ramirez-Malagon
& Ochoa-Alejo (1991) have also succeeded in regenerating plants from hypocotyl
explants of tomatillo. The highest frequency o f shoot formation was observed on MS
medium containing 12.5-25 /jM BA and 5 pM NAA. Likewise, a high frequency o f
root formation was observed on MS medium supplemented with 1 p M BA and 1 pM
NAA. In 1992, Assad-Garcia and his coworkers described an efficient method using
the Agrobacterium tunufaciens Ti-plasmid based system for the generation of
transgenic tomatillo plants.

Up to 40 transgenic plants could be obtained in

experiments using 60 cotyledon explants. The transformed nature o f the regenerated
plants was confirmed by NPP II and Southern blot hybridization analysis. Using the
b-glucuronidase system the tissue specific and developmental patterns o f expression
o f the Cauliflower Mosaic Virus 35S promoter were determined in transgenic
tomatillo plants. It was found that this promoter is developmentally regulated during
fruit and seed formation.

8
VIRUSES AND INSECT VECTORS
Tomatillo has been evaluated as a food crop in Louisiana (Can et al., 1992).
Field studies indicated that virus diseases were the major factor limiting production.
Physalis mosaic virus (PhyMV), causing a foliar mosaic and yellow mottle disease,
was commonly found affecting plants in experimental plots (Valverde et al., 1993).
The virus was transmitted by the potato flea beetle (Epitrix cucumeris Harris), the
banded cucumber beetle (Diabrotica balteata Lee.), and the palestriped flea beetle
{Sy.srena blamla Melsh) (Can et al., 1994).

Other viruses found less frequently

included cucumber mosaic virus (CMV) and tomato spotted wilt virus (TSWV)
(Valverde et al., 1993). In addition, tomatillo has also been found to be locally and
systemically susceptible to other viruses, such as alfalfa mosaic virus, potato virus X,
potato virus Y, tobacco etch virus, tobacco rattle virus, potato acuba mosaic virus,
tobacco mosaic virus, tobacco necrosis virus, and tobacco ringspot virus (Horvath,
1988). PhyMV was first reported by Paul et al., (1968) under the name Belladonna
mottle virus (BeMV) causing chlorotic mottle on Atropa belladonna. The European
isolate was readily transmitted mechanically and systemic infections were obtained in
28 species of Solanaceae.
diameter and

The virus consists o f isometric particles 25-30 nm in

preparations

sedimentation coefficient o f
preparations

frequently

contained

particles

with a

113 S and an RNA-content of 35-38%.

Virus

contained

infective nucleoprotein

non-infective empty protein

shells

(53

S).

Serological tests showed that PhyMV was immunologically related to the Andean
potato latent virus, the dulcamara mottle virus, and the onorius yellow mosaic virus

(Gibbs et al., 1966). PhyMV can therefore be classified in the "Andean potato latent
virus" group proposed by these authors.
Moline and

Fries (1974) recovered PhyMV

heterophylla L., a common perennial weed.

in c e n ta l

Iowa from P.

This PhyM V strain had a limited host

range that included members o f the Solanaceae and C. quinoa.

The virus was

serologically related to European belladonna mottle virus (BeMV).

Peters & Derks

(1974) isolated PhyMV from P. subglabrata L. in Illinois.

The virus was readily

transmitted by sap inoculation. Purified preparations o f PhyMV contained isometric
particle of 27 nm in diameter, which sedimented as two components: 112 S infectious
component and 52 S non-infectious component. The virus contained 38% RNA with
a molar base content o f G 14.4%, A 22.9% , C 37.2% , and U 25.5% .

Purified

preparations were highly infectious with a concentration of about 6,000 particles per
ml being infectious on plants.
Lee et al., (1979) reported the isolation o f a Kansas strain o f PhyM V from
garden-grown pepper (Capsicum frutescens L. var. ‘Hybrid Tokyo Bell’). Isometric
virus particles approximately 27 nm in diameter sedimented in sucrose density
gradients with a non-infectious 53 S top component and an infectious 109 S bottom
component which contained RNA 26 S. Both PhyM V-Iowaand PhyMV-Kansas strains
are unique among plant viruses in that they have two cathodic electrophone forms
between pH 5 and 10.

No seed transmission was found for either strain in C.

frutescens L., P. alkekenyi L., and Datura stramonium L.
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Valverde et al. (1993) reported that, based on the reaction, the PhyM V strain
from Louisiana (PhyMV-L) appeared more closely related to PhyM V-Iowa than to
PhyMV-Kansas. Moreover, PhyM V-L and PhyMV-K had minor differences in their
dsRNA profiles although the dsRNA profiles o f all four tymoviruses were similar.
Ding et al. (1990) reported that there was only 51.6% sequence homology of
coat proteins between BeMV and the North American isolates. For this reason they
have suggested that these two virus groups should be regarded as distinct tymoviruses.
Based on nucleotide sequence comparisons o f the coat protein gene o f several
tymoviruses, Jacob et al. (1992) used the name Physalis mosaic virus (PhyMV) for
the North American isolates o f BeMV.
INSECT PESTS O F TOM ATILLO
Tomatillos can be damaged by flea beetles (Myers, 1991).

Flea beetle

symptoms on tomatillo were similar to those on tomatoes, except that the insect often
eats through the leaves, which are thinner than tomato leaves. Despite heavy damage,
infested plants can still produce a prolific crop. Potato flea beetles, banded cucumber
beetles, and palestriped flea beetles are known to be vectors o f PhyMV, CM V, and
TSW V, respectively (Delgado-Sanchez, 1986; Can e ta l., 1992). Fruit damage caused
by tomato fruitworm (Helicoverpa zea Boddie) can reduce yield by 20-30% (SarayMeza & Loya-Ramizez, 1976).

After hatching, the larvae penetrate the husk and

develop inside the berry. The larvae are very difficult to reach with insecticide and
have time to grow and destroy the fruit.

CU LTUR AL PRACTICES
Very little work has been done in the United States to improve cultural
practices on tomatillo.

Tomatillo culture is very similar to that for tomatoes or

peppers. Plantings are generally direct-seeded, although tomatillos will transplant well
when necessary to fill stands. Plant spacing and population density vary considerable
among growers.

Row spacings o f 1.0 m (single row) to 2.1 m (double rows) have

been observed. In-row spacings vary from 0.30 to 0.90 m (Grazon-Tiznado & GarayAvarez, 1978; Villanueva & Loya-Ramizez, 1976; Myers, 1991).
Harvest o f tomatillo fruit generally begins 70 to 80 days after seeding, and the
harvest period can exceed 60 days. Fruits are harvested by hand as they attain market
size. They are not considered ripe until the fruit begins to break through the husks.
USDA storage recommendations are 55 to 6 0 ° F at 85 to 90% relative humidity. This
gives an approximate storage life of 3 weeks (Cantwell, 1987).
USES O F TOM ATILLO
In Mexico, tomatillo fruit is used in the making o f chili sauce and dressing for
meats, which have a pre-Columbian origin (Yamaguchi, 1983). In Poland, it has been
introduced in the form o f a jam , relish, with zucchini and hot pepper or in other
processed forms. It is not very tasty in the fresh form (Ostrzycka et al., 1988). The
husk tomato can be used as food in many forms. In Iowa, Melhus and Smith (1953)
published recipes for preparing husk tomatoes in the following forms: fried, baked,
stewed, cooked with meat, made into soup, dessert sauce, marmalade, and salad. With

the exception o f iron content, data on the nutritive value o f this vegetable were
obtained by Sonza-Novelo (1950) and Ostrztcka et al. (1988).
The chemical characteristics of tomatillo and tomato fruit differ in several
cases. Tomatillo contains a relatively high percentage o f dry matter (7-10%) and solid
extract (6.6-7.4% ) compared with the cultivated tomato cultivars. The high content
o f dry matter in tomatillo predisposes it to be good material for processing. Although
tomatillo contains less potassium than tomato, this is compensated for by a tendency
towards higher magnesium and iron contents.

The content of Mg, Cu, Fe, and Zn

depended greatly, however, on the edaphic conditions and fertilization in a given
year.
The unripe fruit of tomatillo contains a large percentage o f glucose and
fructose that ranges from 2.8 to 5.7% .

As the fruit ripens, the sugar content

decreases but the content of saccharose increases markedly.

This process does not

occur on a significant scale in tomato. An increase of total sugars as fruit ripens is
a common phenomenon among plants where fresh fruit is harvested (Snock and
Neubert, 1950). However, in tomatillo the reverse process was often observed. This
may explain why, in Mexico, consumers prefer the unripe fruit in spite o f its lower
pH.
Tomatillo contains more acids than tomato, and shows an especially high citric
and malic acid content. The latter decreases drastically during ripening. The content
of oxalic acid is 11-18 mg/100 g in ripe fruit and up to 54 mg/100 g in unripe. The
vitamin C content in tomatillo is similar to that in popular tomato cultivars and
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am ounts to 8-21 m g/100 g o f tissue with dehydroascorbic acid prevailing.

Vitamin

PP is somewhat higher in tom atillo, higher than in many other plant species and
com parable to that o f parsley cabbage or savoy cabbage, and potatoes.
O f approxim ately

two hundred species in the genus Physalis,

family

Solanaceae, only a few are known to have medicinal use. Tom atillo leaves and fruits
have been used for the treatm ent o f headache and stom achache while the tom atillo
husk has been used for the treatm ent o f diabetes (Hernandez, 1946). Tom atillo juice
also alleviates stomachache and diarrhea.
remedy

Tom atillo roots w ere recom m ended as a

for spleen disorders and as a tonic diuretic (M artinez,

1954).

P.

philadelphica Law. is used for treatm ent o f tonsillitis while P. angulata L. was used
for the treatm ent of pustules, tiredness, testicle inflam m ation, venereal diseases, and
bleeding (Del Amo, 1979).

In Puerto Rico, P. pubescens L. is cultivated as a

medicinal herb for the treatm ent o f indigestion (W illiam, 1971). P. alkekengi L. has
been reported to have anti-cancer properties (Hartwell, 1971). All parts o f P. minima
L. which is a common weed in several countries, have been widely used in folk
medicine.

In Java, the roots o f this species are used as a verm ifuge, febrifuge, and

for diabetes (W att & Breyer-Brandwijk, 1962). In India, the leaves w ere used in the
treatm ent o f infectious hepatitis and gonorrhea while the fruits were used against
dropsy, urinary diseases and gout (Watt & Breyer-Brandwijk, 1962).
RESEARCH OBJECTIVES
In an attem pt to investigate the adaptability o f tomatillo to Louisiana growing
conditions, the following research objectives were developed:
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1.

to identify the m ajor constraints (clim atic factors, pest, diseases,
weeds) to tom atillo production,

2.

to evaluate insecticides and herbicides for the insect pest, vector, and
weed control on tomatillo,

3.

to elaborate appropriate pest and disease m anagement practices for
increasing the yield o f tomatillo.

The results o f these objectives are presented in five chapters, as follows:
C hapter 1 identifies the most im portant fungal and virus diseases transmitted
by insect vectors, and describes their developm ent during the growing season.
C hapter 2 describes the most econom ically im portant pests of tom atillo and
also evaluates the efficacy o f a num ber o f insecticides for the control o f tomato
fruitw orm .
Chapter 3

outlines studies o f the tolerance o f tom atillo to pre- and

postem ergence herbicides and gives the results of herbicide screening tests for the
weed control in tomatillo.
C hapter 4 reports the yield response o f tom atillo cultivars to different planting
dates and to nitrogen fertilizer rates.

Also reported are studies o f the im pact o f

reflective mulch and insecticide applications on virus vector abundance, virus disease
incidence, and effects on plant yield in tomatillo.
Conclusion

describes appropriate crop m anagement methods for increasing

yield o f tom atillo through improved cultural practices, as well as, appropriate insect,
disease, and weed m anagement techniques.
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CH APTER 1
VIRAL DISEASES O F TO M ATILLO
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INTRODUCTION
Tom atillo, an im portant vegetable crop in the diets o f M exican and Central
A m erican people, was evaluated as a food crop in Louisiana (Can et al., 1992). Due
to the popularity o f Mexican foods in California, com m ercial croppings have been
successful in Riverside, San Bernadino, San Diego, San Louis Obispo, and Santa
Barbara counties (Johnson, 1985).

Between 1980 and 1988, despite the general

average yield increase in C alifornia, tomatillo production varied from 1.5 to 11
tons/ha. This variation probably occurred because very little work has been done in
the United States to refine cultural practices for this crop.
In M exico, elevations over 800 m are recom mended for tom atillo production
with low yields generally being obtained from plants grown at low er altitudes
(M osino-A lem an and Garcia, 1974; Drem ann, 1985). In Louisiana, a lim ited am ount
o f tom atillo im ported from M exico is sold fresh in some grocery stores. In response
to a projected regional demand in the southern G ulf States for the tom atillo fresh
market and sauce industry, a four-year research study (1990-1993) was conducted at
Louisiana State University Agricultural Center (LSU-AC) on the adaptation o f
tom atillo to Louisiana planting conditions.

Despite the low altitude, tom atillo

perform ed well in the cooler tem peratures o f spring and early fall that are sim ilar to
the clim ate suitable for tom atillo production in the higher elevations o f M exico.
H ow ever, favorable cool weather conditions were incidentally associated with a high
incidence o f virus vectors that peaked during the flowering periods (M ay and
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O ctober), thereby favoring the transmission o f virus diseases (V alverde et a l., 1993;
Can et al., 1994).
The im m ediate objective o f this study was to identify the m ajor virus diseases
transm itted by insect vectors, to determ ine the host reservoirs o f these viruses, and
to determ ine the seasonal abundance o f the insect vectors throughout the grow ing
season. A thorough understanding o f the interrelationships between the crop, the viral
pathogens, and their insect vectors is necessary for developing pest m anagem ent
strategies to reduce crop losses in tomatillo.
M ATERIALS AND M ETHODS
Identification o f econom ically important viral diseases. Leaves from 170
tom atillo plants showing virus-like symptom s were collected during the early fall of
1990 from LSU-AC horticultural experim ental plots in Baton Rouge, Louisiana.
Sim ilarly, leaves o f 15 Physalis puhescens L. plants showing virus-like symptom s
were also collected near the experim ental plots. Samples were stored at -20°C prior
to double-stranded RNA (dsRNA) and serological analyses.
Double-stranded RNA analysis. The m icrocentrifuge tube method was used
for the dsRNA extraction (M orris et al., 1983). D ouble-stranded RNA was extracted
from

1.2-1.5 g o f plant tissue in 2 .0 ml extraction buffer (50 ml extraction

buffer = 1 0 ml o f 10X STE, 15 ml o f 10% SDS, 6 ml Bentonite [25 m g/m l], 250 /d
o f 2-m ercaptoethanol, and 19 ml of distilled water) in a leaf roller and collected in a
15 ml centrifuge tube.

Next, 1 ml o f

2X STE-saturated phenol and 0.35 ml of

CH C l,: isopentonyl alcohol (24:1) was added to the hom ogenate.

T he tubes were
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thoroughly mixed in a shaker for 20 min. and centrifuged in a clinical centrifuge at
2,200 g for 15 min. About 1.1 ml o f the upper phase o f the hom ogenate was pipetted
into the 1.5 ml m icrocentrifuge tube containing 50 mg o f CF-11, and 21 fil o f 95%
ethanol per 100 ^1 o f aqueous phase was added.

These m aterials w ere thoroughly

mixed in a shaker for 20 m inutes. The tubes were centrifuged at 8000 g for 5 min.
and the supernatant was discarded.

The CF-11 was resuspended by three washings

with 1.0 ml o f IX STE-ethanol (16.5% ) to rem ove unbound nucleic acids.

Each

washing consisted o f a 3-m inute mixing in the shaker and centrifugation at 6,000 g
for 3 min.

Follow ing the final wash, 100 /d o f IX STE were added to each

m icrocentrifuge tube and again thoroughly mixed in the shaker for 3 m in., followed
by centrifugation for 3 min. at 6,000 g.

Four hundred and fifty /d o f supernatant

were withdrawn and transferred into a clean 1.5 ml m icrocentrifuge tube with 1/20
volum e (22.5 ml) o f 3 M sodium acetate (pH 5.5).

The tube was filled with cold

ethanol (at least m ore than twice the supernatant volume) and was centrifuged 10-15
m inutes later.

Next, the samples were centrifuged at 10,000 g for 20 min. and the

ethanol was poured off. The clean virus dsRNA samples were obtained by adding 200
ml o f DNA buffer and 10 /d of DNAse enzyme (1 m g/m l) in a 15-minute reaction.
Seven hundred ml o f cold ethanol were added, and the tubes w ere centrifuged at
14,000 g for 10 min.

Fifty /d o f IX EG were added to each tube and the contents

w ere thoroughly mixed to resuspend the virus dsRN A. Thirty to 50 /j.1 o f each sample
were electrophoresed on a 6% polyacrylam ide mini slab gel at 100 V for 3 hours at
room tem perature. The gel was stained with ethidium brom ide (25-50 m g/m l) for 10-
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15 min. and destained three times with distilled water.

Since the stained dsRN A in

the gel fluoresces when exposed to UV light and it was photographed with Polaroid
(types 55, 57, or 667) black and white film.
Physalis m osaic virus purification.

Fifty gram s o f fresh tom atillo tissue

infected with PhyM V was ground in a blender using 0.5 M sodium citrate buffer
containing 5 mM EDTA and thioglycolic acid (pH 6.5) for about 2-3 minutes. The
extract was transferred to a 500-ml beaker and emulsified with one volum e of
chloroform by mixing for a few minutes in the hood, then transferred into a large
centrifuge plastic bottle for a low speed centrifugation at 8000 g for 10 min. Next,
10% PEG (MW = 6,000) was added to the supernatant and stirred for 30 min. at 40°C
and then centrifuged at 10,000 g for 10 min. The resulting pellet was resuspended
in 20-30 ml of the extraction buffer (diluted to 0.05 M) with 2% Triton 10X and
stirred for 30 min.
Follow ing a 10-min. centrifugation at 8,000 g, the supernatant was saved at
4°C for high speed centrifugation. Two cycles o f low and high speed centrifugation
were conducted. The pellet was resuspended in 1 ml o f 0.05 M extraction buffer and
saved for sucrose density gradient centrifugation and electron m icroscopy.
A sucrose gradient was prepared in 0.05 M borate buffer (pH = 8.0) in
centrifuge tubes. Solutions o f 40% , 30% , 20% , and 10% sucrose, respectively, were
carefully pipetted into the centrifuge tubes and left overnight at 4 °C in order to build
a smooth gradient. About 2 ml o f the virus sample saved from the previous step was
carefully layered on the top o f the sucrose gradient. Sam ple tubes were weighed and
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balanced by adjusting with borate buffer, then centrifuged in swinging bucket rotor
(SW 8) at 27,000 g for 3 hrs. The gradients in the centrifuge tubes w ere separated
by the density gradient fractionator.
S erological analyses. To confirm virus identity and relationships, O uchterlony
double diffusion tests were perform ed using 1% agarose in 0.01 M potassium
phosphate buffer, pH 7 .0 (Ouchterlony, 1968).

Sam ples consisted o f extracted sap

diluted 1:5 in phosphate buffer. Viruses included PhyM V -L, PhyM V-K (supplied by
R. F. Lee, University o f Florida), eggplant mosaic virus (EM V; supplied by K. S.
Kim, University of Arkansas), local isolates o f turnip mosaic virus (TY M V ), tomato
spotted wilt virus (TSW V), and cucum ber mosaic virus (CM V).

Antiserum to

PhyM V -K (titre 1/320) was provided by R. F. Lee while antiserum to PhyM V -L was
prepared in our laboratory by injection of a rabbit with PhyM V -L antigen. The rabbit
was given three intram uscular injections o f 2 ml purified virus, em ulsified with
F reund’s incom plete adjuvant, on three occasions at intervals o f two weeks.

One

w eek after the last injection, the rabbit was bled by cutting a m arginal vein on the ear.
Blood samples were centrifuged after coagulation and serum collected. Sam ples from
tom atillo suspected to be infected with CMV and TSW V were tested for these viruses
with double-antibody sandwich ELISA (Clark and Adam s, 1977) using antisera to
TSW V -L and CM V -L prepared in our laboratory.
E le ctro n m icroscopy.

Sap extracts from PhyM V -infected tom atillo plants

w ere placed on carbon-coated Form var grids and negatively stained with 2 % uranyl

25
acetate, pH 6.8 (H orne, 1965).

The grids were observed on a Jeol 100 CX

transmission electron microscope.
S ynergistic effects of th re e to m atillo v iru ses.

Studies o f the synergistic

effects o f three viruses C M V , PhyM V -L, and TSW V occurring in tom atillo on
symptom expression w ere conducted in the greenhouse in the fall o f 1991.

Two-

week-old plants o f the Puebla Verde cultivar were mechanically inoculated with each
of the

following

CM V +TSW V ,
L+CM V .

viruses

or virus

CMV + PhyM V -L,

combinations:

CM V ,

P hyM V -L + T S W V ,

PhyM V -L,

and

TSW V,

TSW V + PhyM V-

Each treatm ent was replicated five times as single plants.

Symptom

expression was recorded 2-3 weeks after inoculation and virus identity was confirm ed
by dsRNA analysis or serological tests.
Host ra n g e . PhyMV was maintained on tomatillo cv. Rendidora, Nicotinia
rustica L ., and Datura stram onium L. in an insect-free greenhouse. PhyM V was used
to inoculate the following test plants: Chenopodium quinoa L ., D. stram onium , N.
rustica, Lycopersicon esculentum M ill., Solatium m elongena L ., Phaseolus vulgaris
L ., Vigna unguiculata L ., Pisum sativum L ., Cucumis sativus L ., Cucurbita maxima
D uch., and Gomphrena globosa L.

Ten pepper cultivars were also tested for their

susceptibility to PhyM V: Jalapeho, Yolo W onder, Hungarian W ax, Cayenne Cajun,
H avanero, Sweet C herry, Olym pic hybrid, Pepperoncini, Keystone Giant, and
Pim enta M alagueta. Ten test plants w ere used for each pepper cultivar.
Insect tran sm issio n o f Physalis m osaic v iru s. In the sum m er o f 1993, the
potato flea beetle (Epitrix cucumeris H arris), the banded cucum ber beetle (Diabrotica
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balteata L eC .), the spotted cucum ber beetle (D. undecim punctata M ann.), and the
pale-striped flea beetle (Systena blanda M elsh.) were collected from tom atillo, basil,
and cowpea experim ental fields on the LSU -A C Burden Research Plantation (Burden
Research Plantation) in Baton Rouge, Louisiana.
conducted under greenhouse conditions.

Virus transm ission tests were

Beetles were starved for two hours and

placed individually in test tubes containing tomatillo leaves infected with PhyM V.
A fter a 24-hour feeding period, each beetle was transferred to a three-w eek-old
healthy tom atillo plant and covered with a plastic cup. A fter a 24-hour transmission
feeding, characterized by the appearance o f holes on the leaves, the beetles were
rem oved and killed. Leaf samples from all test plants were collected after two weeks
and tested serologically with PhyM V antiserum using the Ouchterlony double diffusion
test (O uchterlony, 1968). A set o f 100 tom atillo plants were used for the transmission
study with D. balteata, while 50 plants each were used for studies with D.
undecim punctata, S. blanda, and E. cucumeris.
Seasonal o c cu rren ce o f tom atillo insect v ecto rs. The 1993 tom atillo field
trials consisted o f a 1-hectare plot located at the Burden Research Plantation w here
various crops, such as cotton, sweet potato, Irish potato, pepper, tom ato, corn, and
cowpea w ere grow ing. There was an abundance o f wild ground cherry grow ing near
the tom atillo plots. These crops served as a reservoir for insects transm itting the virus
diseases and feeding on tomatillo plants.

In the study o f the seasonal abundance o f

these pests, nontreated control plots (0.60 x 4.50 m) o f the spring and fall plantings
w ere used along with an additional sum m er planting, thus facilitating the m onitoring
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o f the population o f tom atillo insect vectors (potato flea beetle, banded cucum ber
beetle, aphids, thrips) throughout the entire grow ing season.

D ue to the different

ecology and dynamics o f the populations o f insect vectors, three sam pling procedures
w ere developed to better exam ine their occurrence and density.

D uring the 1993

grow ing season, eight nontreated tom atillo plots (0.60 x 4.50 m) w ere sampled every
w eek beginning April 3 (i.e ., about two weeks after the spring tom atillo transplanting
on M arch 15) and continuing until the second week o f Novem ber.
Green peach aphid populations were counted weekly on two fully expanded
leaves on the upper half o f each o f 10 plants selected random ly per plot.

Aphid

counting was repeated in four sim ilar control plots. Sweep net sampling was used to
estim ate the adult banded cucum ber beetle and potato flea beetle populations when
they were actively feeding in the late afternoon (5:00-7:00 pm ).

Each week, five

com plete (double) sweeps were made across the tops o f tomatillo plants in four control
plots using a 37-cm diam eter net with a 1 m handle. The net was forced about 20-30
cm into the foliage. The insects caught were transferred to a plastic bag and taken to
the laboratory for counting.
Four water pan traps, evenly dispersed among the control plots, were used to
determ ine seasonal populations o f winged thrips that migrated into and around the
tom atillo trial plots. Traps w ere made o f 5 mm thick Plexi-glass strips cemented to
form a 14.2 x 14.2 x 6.2 cm container. The interior o f each trap was painted yellow
w hile the exterior was painted with white semi-gloss spray paint.

The traps were

mounted on iron ring clam ps supported by 1.2 cm diam eter iron poles driven into the
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ground. Throughout the trapping period, the tops o f the traps w ere kept even with
the top o f the crop canopy. Ethylene glycol was used in the collection pan trap as a
preservative.

To determ ine the time o f infection and the extent o f virus incidence,

tom atillo plants grow ing in designated control plots were examined on a weekly or
biweekly basis.

Visual estimation o f the percentage o f C M V , PhyM V , and TSW V

symptom s was confirm ed by serological tests (Ouchterlony double diffusion and
ELISA).
R E SU LT S
V irus diseases of to m a tillo .

Results from dsRNA analysis and serological

tests indicated the presence o f three m ajor viruses. These w ere PhyM V (previously
called belladonna mottle virus and Physalis mottle virus), CM V, and TSW V which
were present in 55, 20, and 8 %, respectively, o f the 170 samples tested.

None o f

these three viruses could be detected in 17% o f the samples. Double-stranded RNA
profiles o f PhyM V -L, PhyM V-K , eggplant mosaic virus (EM V), turnip yellow mosaic
virus (TY M V ), and TSW V are shown in Figure 1.1.
dsRNA tests o f healthy plants were negative.

Results (not shown) from

PhyM V and CM V dsRN As were

obtained readily from field-collected samples o f tomatillo that also showed from time
to time the presence o f the cryptic viruses.

Yields o f TSW V dsRNA w ere higher

from m echanically inoculated D. stramonium than from field-collected o r mechanically
inoculated tom atillo plants.

The dsRNA analysis technique was reliable for the

screening of PhyM V-L and CM V , but inconsistent for TSW V.
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Figure 1.1. Polyacrylam ide gel electrophoresis of dsRNA extracted from Brassica
campestris plants infected with turnip yellow mosaic virus (lane 1), and tomatillo
plants infected with eggplant m osaic virus (lane 2), Physalis mosaic virus-Kansas (lane
3), Physalis mosaic virus-Louisiana (lane 4), and tomato spotted wilt virus (lane 5).
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Results o f CM V and TSW V dsRNA analyses w ere confirm ed with ELISA (all
170 samples w ere tested).

Ouchterlony tests to com pare PhyM V -L, PhyM V-K ,

EM V , and TY M V using antiserum to PhyM V-K resulted in confluent precipitin bands
between PhyM V -L and PhyM V-K . Reciprocal tests with PhyM V -L antiserum were
not conducted.

No reactions were obtained with other tym oviruses.

Spherical

PhyM V particles about 28-30 nm in diam eter were seen readily with the electron
m icroscope (Figure 1.2).
S ynergistic effects of th re e toin atillo v iru ses.

G reenhouse studies o f the

synergistic effects o f these three viruses on tomatillo cv. Puebla V erde indicated that
severe mosaic symptom s were caused by a mixed infection o f PhyM V and C M V , and
that severe leaf deform ation occurred when TSW V was present in mixed infections
with either PhyM V or CM V , or with both (Figures 1.3 and 1.4).

In multiple

infections there tended to be more leaf distortion than that caused by the viruses alone.
U nder field conditions, mixed infections o f PhyM V and CM V w ere m ore frequent
than PhyM V and TSW V. Plants with the PhyM V /CM V m ixture showed both mosaic
and leaf distortion followed by stunting and reduced branching with early infection o f
the young tom atillo transplants.

PhyM V infections also differed am ong tomatillo

cultivars with uniform yellowing in the cultivar Guanajuato and m osaic/m ottling and
leaf banding in the cultivars Puebla Verde and Rendidora.
H ost re a c tio n . Both PhyM V -L and PhyM V-K induced m ottle on P. ixocarpa,
P. Jloridiana L ., and D. stram onium .

PhyM V-K did not infect L. esculentum cv.

Rutgers and N. rustica whereas PhyM V -L induced a mild mosaic on these two plant

Figure 1.2. Electron m icrograph showing physalis mosaic virus particles.
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Figure 1.3. Tom atillo symptom s induced by mixed infection with CM V , PhyM V , and
TSW V.

Figure 1.4. Tom atillo symptom s induced by physalis mosaic virus (1), cucum ber
mosaic virus (2), and tomato spotted wilt virus (3).
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species. All pepper cultivars showed a positive reaction with PhyM V -L, ranging from
mild (Jalapeho, Sweet C herry, Yolo W onder, Olympic H ybrid, Keystone Giant,
Pim enta M alagueta, Pepperoncini), m oderate m osaic/m ottling (Cayenne Cajun,
H avanero), to severe m ottling (Hungarian W ax). Negative reactions w ere observed
among the legum inous (pinto bean, cowpea, Tvu 621, garden pea, black-eye cowpea)
and cucurbitaceous (Poinsett cucum ber, Am bassador squash) test plants.

C. quinoa

showed only local necrotic lesions whereas no symptom s were observed on G.
globosa. DsRNA analysis and Ouchterlony tests for PhyM V in a num ber o f common
weeds in tom atillo trial plots also indicated that the virus was absent in both
broadleaved and gram inaceous weeds including common purslane, carpetw eed,
m ayweed,

pigweed,

curly

dock,

white

clover,

barnyardgrass,

crabgrass,

crow footgrass, goosegrass, dallisgrass, berm udagrass, and nutsedges. Only the wild
ground cherry, Physalis subglabrata (M ackenzie & Bush), was considered a host
reservoir o f PhyM V as 10 o f 15 field samples were found to be infected with the
virus.
Insect tra n sm issio n o f P h y M V. Leaf samples from test plants analyzed with
PhyM V antiserum in an Ouchterlony double diffusion test indicated that PhyM V was
transm itted by 4 o f 100 D. balteata, 2 o f 50 S. blanda, and 0 o f 50 D.
undecim punctata.

Sim ilar experim ents conducted with E. cucumeris resulted in a

higher percentage of virus transmission (11 o f 50 beetles).

Plants that showed a

positive serological test also had typical symptom s o f PhyM V. H ow ever, no virus
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transmission occurred on 50 tom atillo plants fed on by E. cucum eris freshly collected
from the field.
Seasonal abundance o f insect vectors of tom atillo viruses. Visual sampling
o f aphids throughout the 1993 growing season indicated that the green peach aphid,
M yzus persicae (Sulzer), was m ore predom inant than the potato aphid, M acrosiphum
euphorbia (Thomas) that was found from tim e to tim e in isolated colonies.

Both

adults and nymphs o f potato aphids were solid pink and had long, slender cornicles
about twice as long as the cauda while the green peach aphid wingless adults were
pale yellow to green and their nym phs yellow-green with 3 dark lines on the abdomen.
Green peach aphids were common between late April and early June, with the greatest
densities in early May (Figure 1.5). Their populations then declined rapidly during
the hot portion o f the summ er, and began to build up again in m id-Septem ber, peaking
in m id-October.
The thrips species identified from traps during the investigation were
Frankliniella occidentalis Pergande, F. fu sc a Hinds, F. tritici Fitch, Thrips tabaci
Lindem an, M icrocephalothrips spp., and Sericothrips spp. (Figure 1.6).

H ow ever,

F. fu sc a and F. occidentalis were the most abundant species in the samples collected.
Thrips populations started to appear by early April, increased sharply in late M ay, and
rem ained high until early June. A sim ilar seasonal abundance pattern occurred in the
fall, that is the thrips reappeared between m id-Septem ber and early N ovem ber, with
greatest densities in October. The first tomatillo plants exhibiting tom ato spotted wilt
symptom s were detected on May 10, about 7 weeks after being transplanted into the
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•e 1.5. Seasonal development o f insect vector populations at the LSU Burden Research Plantation (1993).

Figure 1.6. Thrips and aphids in tomatillo fields: (1) Frankliniella tritici, (2) F.
occidentalis, (3) Thrips tabaci, (4) Sericorhrips variabilis, (5) F. fitsca , (6) M yzus
persicae.
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field, and O ctober 6, 6 weeks after transplanting. Com bined data for the spring and
fall plantings show that a sharp rise in tomato spotted wilt incidence occurred about
2 weeks after a large m igration o f thrips into the plots.

Following their decline in

early June, thrips populations w ere nearly absent during the entire summ er.
The low incidence o f PhyM V in the spring was a reflection o f the late
occurrence o f potato flea beetles in the field. They began to appear by m id-M ay, and
the population rapidly increased during the sum m er, peaking in late Septem ber to
early October. This led to a high incidence o f PhyMV in the fall tomatillo planting.
Uniform foliar yellowing was often observed on the PhyM V-infected tom atillos grown
during the summ er.
Banded cucum ber beetles and palestriped flea beetles were recently shown to
be vectors o f PhyM V; how ever, their transmission efficiency was very low when
com pared to that o f the potato flea beetle (Can et al., 1994).

T heir seasonal

abundance pattern was sim ilar to that o f flea beetles. The highest captures occurred
in August and Septem ber with trap captures declining in the cooler season (beginning
in the fall).

Unlike flea beetles, banded cucum ber beetles w ere very active in the

sunny periods o f the day.
D ISC U SSIO N
PhyM V has not been com m only found in cultivated solanaceous crops in the
United States, but two distinct strains have been reported. These are PhyM V -I, found
naturally infecting P.

heterophylla and P. subglabrata in Iowa and Illinois,

respectively (M oline and Fries, 1974; Peters and Derks, 1974), and PhyM V -K , found
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in Capsicum anrnatm in Kansas (Lee et al., 1979).

These two strains can be

differentiated by host reaction, but are serologically identical (Lee et a l., 1979).
Results from serological tests, host reactions, electron m icroscopy, dsRNA
analysis, and beetle transmission tests supported the conclusion that the virus inducing
the mosaic and yellow m ottle on tomatillo was PhyM V (Valverde et al., 1993). Based
on host reaction, the PhyM V -L isolate appeared to be more closely related to PhyM V I than to PhyM V-K.

M oreover, PhyM V-L and PhyM V-K had m inor differences in

their dsRNA profiles, although the dsRNA profiles o f all four tym oviruses were
sim ilar (Valverde et al., 1993).
Ding et al. (1990) reported that the coat proteins o f the European belladonna
mottle virus (BeMV) and the North American isolates had only 51.6% sequence
hom ology (Paul, 1971). They suggested that the two viruses should be regarded as
distinct tym oviruses. Based on nucleotide sequence com parisons o f the coat protein
gene o f several tym oviruses, Jacobs et al. (1992) used the name Physalis m ottle virus
(PhyM V) for the North Am erican isolates of BeMV.

Based on these reports, the

CM I/A AB Com m ittee decided to refer to this tym ovirus isolate from tom atillo, and
to others previously designated as BeMV in North Am erica as physalis mosaic virus.
The high frequency o f PhyM V in experimental plots o f tom atillo, coupled with
a weed host (ground cherry) and an insect vector (potato flea beetle) indicate the
potential for an epidem ic to develop in tomatoes, peppers, or other solanaceous crops
in Louisiana.

Despite the mild symptom s induced by PhyM V in pepper cultivars

tested in the greenhouse, dsRNA profiles showed that the plants had a high PhyM V
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titre.

So, in addition to the ground cherry, peppers, tomatoes, and some other

solanaceous crops (eggplant) m ight be considered potential hosts o f PhyM V.
The presence o f CM V and TSW V in tom atillo was not surprising since these
viruses have a wide host range (Gibbs, 1970; Ie, 1970, 1982; Bond et al., 1983; Cho
et a l., 1986; Yudin et al., 1988). How ever, the low incidence of these two viruses
m ight be due to low infection levels, low insect vector populations, and unfavorable
w eather conditions during the tomatillo seasons.

The infrequency o f TSW V in

tom atillo was surprising, as it was common in surrounding plots o f peppers and
tomatoes, which had up to 60% o f the plants infected. This could be due to factors
such as planting date or vector preference.
The severity o f the diseases on tomatillo caused by a mixed infection o f 2 or
3 viruses (PhyM V , CM V , TSW V) indicated that im proved cultural practices such as
proper planting date and transplanting instead o f direct seeding are needed to avoid
the high incidence o f vector populations, as well as, to allow tomatillo plants to
mature before heavy insect feeding (Can et a l., 1994).
Seventeen percent o f the tomatillo plants showing virus-like symptoms in
Louisiana field plots were not infected with PhyM V, CM V , or TSW V . Extracts from
these plants did not react with antisera o f these viruses and did not yield dsRNAs.
It is possible that these plants were infected with luteoviruses, potyviruses, or
gem iniviruses, which yield very low quantities o f dsRNA or DN A , thereby making
the dsRNA analysis method impractical for routine screening (Valverde et a l., 1990).
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In addition to the potato flea beetle, banded cucum ber beetles and palestriped
flea beetles were recently dem onstrated as new vectors o f PhyM V (Can et a l., 1994).
Despite

the low

transmission

efficiency

under experim ental conditions,

high

populations o f these beetles during the sum m er and the presence o f other host crops
(sweet potato, bean, cowpea, basil) could explain the high incidence o f PhyM V in
tom atillo. Although the virus is stable and occurs in high concentration in the sap o f
infected plants, the low percent o f virus transmission is probably due to the enzymes
or pH o f the regurgitated fluid o f the beetles which may inactivate the virus (W alters,
1969).
It would be difficult to manage a virus disease that involves an insect
transmission cycle without some understanding o f the nature o f the endem ic and
epidem ic patterns o f m aintenance and spread o f the insect vector.

Basic to

understanding the transmission cycle is knowledge o f the hosts, both target and
natural, the vectors, the viral pathogens, and the environm ental factors affecting
transmission (Sylvester, 1989).
The 4 years o f field studies (1990-1993) on the adaptation o f tom atillo to
Louisiana planting conditions indicated that, like tom ato, tom atillo perform ed best in
the cooler tem peratures o f spring and early fall. High yield increases corresponded
with the presence o f cool weather during the flowering and fruiting periods (AprilM ay, O ctober-N ovem ber). During this period, day and night tem peratures w ere most
suitable for fruit set and developm ent o f imm ature fruits (Figures 1.7 and 1.8) (Can
et al., 1992).

However, such adjustments o f transplanting dates had an im portant
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effect on the abundance o f aphids and thrips, as well as, the incidence o f CM V and
TSW V (Swenson, 1968; Shands et al., 1972).

Early transplanting in the spring

increased yields o f tomatillo, but may be inappropriate for the m anagem ent o f aphid
populations.

Aphid num bers steadily increased from late April to m id-M ay due to

favorable, cool weather conditions (Semtner, 1984; Gray and Lam pert, 1986). Aphids
are much more environm entally responsive, being critically sensitive to the nutritional
status and growth stages of their host plants, to extrem e heat and radiation, to
unanticipated cold, to low hum idity, to heavy precipitation, and to uncontrollable
crow ding (Carver, 1989). High tem peratures and heavy rains in the sum m er are the
probable cause o f the rapid decrease o f green peach aphid populations in tomatillo.
Cham berlin (1958, 1992) reported that the green peach aphid population declined
rapidly on tobacco after several consecutive days with tem perature highs above 3 5 °C.
In addition, DeLoach (1974) has demonstrated that the m aximum infinite rate o f
increase for the green peach aphid occurred at 2 5 °C , whereas a decrease occurred at
a constant tem perature of 30°C .

A sim ilar seasonal pattern o f aphid abundance on

tom atillo occurred in the month o f October, but the aphid population steadily declined
after that due to the rapid drop o f tem perature in N ovem ber. In his study on the role
o f aphids in the ecology o f plant viruses, Swenson (1968) showed that winged aphids
are present in the air above crop lands during the entire grow ing season.

These

aphids carry viruses into crops and may also be responsible for secondary virus
spread. The num ber of migrating aphids reaches definite peaks at certain times o f the
season. The greatest virus spread is likely to occur at these tim es. Know ledge o f the
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occurrence o f aphid populations can be used to time planting and harvesting dates, and
insecticide application (Tomlinson et al., 1970; Kring, 1972; Black, 1973; Joshi and
D ubey, 1977).
In our study, the seasonal pattern o f thrips abundance in M ay and October,
followed by a rapid decline in June and N ovem ber, respectively, is sim ilar to that of
aphid populations on tomatillo (Can et a l., 1994). Results o f sim ilar studies in tomato
fields further substantiate these conclusions (Greenough et a l., 1985; Navas et al.,
1991; Johnson, 1994). In their studies, the increase in tom ato spotted wilt incidence
in tomato plants trailed by 1 to 2 weeks the increase in the num ber o f thrips trapped.
This time period corresponded well with the expected delay in symptom expression
in plants following infection with TSW V (Best, 1968; Francki and Hatti, 1981;
W ijkam p et al., 1993). W ild plants and cultivated crops may play an integral part in
the occurrence and spread o f TSW V (Bond et al., 1983; Kobatake et al., 1984;
DaG raca et al., 1985; Yudin et al., 1988).

On the Burden Research Plantation,

tomato and peppers were transplanted in the field in M arch and A pril, and the
cropping season was over by mid-July. The ability o f thrips to colonize these crops
suggests the possibility that tomato and pepper plants could serve as a virus acquisition
source for the infection o f tom atillo in the fall planting (Black et a l., 1986; Hobbs et
a l., 1993).

Thrips m ovem ent was reduced by heavy rain, and low and high

tem peratures (Newsom et a l., 1953; H arding, 1961; Reddy et a l., 1988). Similarly,
cyclical changes that coincided with changes in tem perature and rainfall have also be
observed in thrips population and tomato spotted wilt incidence in tomatillo.
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Transm ission efficiency o f beetles is usually thought o f in term s o f the relative
num ber o f a population of beetles which transm it virus following an acquisition
feeding (Fulton et al., 1980). H ow ever, efficiency may vary greatly am ong species
o f beetles.

Cartin and Gam ez (1973) found that Cerotoma ruficornis (Oliver)

transm itted bean rugose mosaic virus at a level o f near 80% w hile D. balteata and D.
adelpha (Harold) were much less efficient giving levels near 20% and

10%,

respectively. Although vectors o f the brom ovirus group (e.g. D. balteata) exhibited
a wide host range, the efficiency of transmission in all cases was low (Fulton et al.,
1975).
Effects o f environm ental variables such as tem perature, hum idity, and light on
virus acquisition and transmission have not been thoroughly evaluated.

These

variables obviously affect the activities of beetles and, therefore, transm ission. Field
observations indicated that beetles were most active in the sum m er, thus increasing
the chances o f virus transm ission. However, lower tem peratures in the early spring
and fall adversely affected both feeding activity and PhyM V transm ission.
Virus transmission is correlated with feeding activity during which the beetle
regurgitates virus-contam inated fluid (Gergerich et a l., 1983, 1986).

H ow ever, the

biochemical nature of the regurgitant fluid differs among the beetle species, thus
resulting in different transmission efficiencies such as that found am ong PhyM V
vectors.
W hen producing tom atillos under Louisiana planting conditions, knowledge
about the seasonal abundance o f vectors is essential to understand the epidem iology
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o f plant virus diseases (Sakim ura, 1963). How ever, a thorough understanding o f the
interrelationships between the crop, viruses, insect vectors, and weed hosts is also
necessary for developm ent o f feasible m anagem ent procedures.
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CHAPTER 2
INSECTICIDAL CO NTRO L O F TO M ATO FRUITW O RM

(HELICO VERPA ZEA) IN TO M ATILLO
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IN T R O D U C T IO N
The tomato fruitw orm , the prim ary lepidopterous pest o f tom atillo, usually
infests tom atillo beginning in late M ay and rem ains a threat throughout the growing
season which ends with the first killing frost, usually in m id-N ovem ber. Because of
the potential value o f this processing and fresh m arket crop and the absence of
practical sampling methods for H. zea, a series o f preventive insecticide applications
is norm ally used to protect the crop.

However, none o f the insecticides used are

currently labeled for use on tom atillo, a potential new crop in Louisiana.

M any of

the insecticides evaluated in this study are those registered on a closely related plant,
tom ato (Creighton et a l., 1971, 1973; Chalfant et al., 1979; M iddlekauff et a l., 1963).
The ideal characteristics of an insecticide for tomato fruitw orm control would be (1)
low phytotoxicity, (2) low cost, (3) low toxicity to the insect pollinators necessary for
this outcrossing crop, (4) long residual effectiveness against the tom ato fruitw orm , and
(5) effectiveness against other pests, such as aphids, thrips, and flea beetles, which
sim ultaneously occur during the flowering period and require treatm ents at the same
time as tomato fruitworm (Yam aguchi, 1983; W ilcox, 1963; Cantu & W olfenbarger,
1970; W algenbach et a l., 1991).

At present, very little inform ation is available

regarding the effectiveness o f insecticides on field-grown tom atillo (M yers, 1991).
Due to the potentially high econom ic return associated with comm ercial
tom atillo production, pest control will be an im portant aspect o f the crop management
program (Lange & Kishiyam a, 1978; Lange, 1978).
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Current management o f H. zea populations is dependent on insecticide
applications; however, the econom ic value o f control o f H. zea populations has not
been determ ined. The following study is a summ ary o f the effectiveness o f eight
insecticides that have been tested during the past three years.
M ATERIALS AND M ETHODS
Experim ents w ere conducted on the Horticultural Farm in the sum m er o f 1991
and spring and fall o f 1992, and on the Burden Research Plantation in the spring and
fall o f 1993 in Baton Rouge, LA.

Three-to-4-week-old tom atillo cv. Puebla Verde

transplants were used for all plantings. Each experimental plot (0.6x4.50 m) consisted
o f 10 plants in a single row on 0.45-m centers.
58-58

(N -P20 5-K30 )

transplanting.

per

hectare

was

Fertilizer at the rate o f 450 kg o f 58-

broadcasted

and

incorporated

before

Ammonium nitrate fertilizer was added at the rate o f 225 kg/ha 2

weeks after transplanting.

M ethomyl 8EC was applied at 1.68 kg ai/ha for

preem ergence weed control while Gram oxone Super at 1.32 1/ha was used as a
postdirected spray between rows for postem ergence control o f weeds.
Each treatm ent was replicated four times and arranged in a random ized
com plete block design. Treatm ents consisted o f the following insecticides: perm ethrin
2EC (0.73 1/ha), esfenvalerate XL (0.58 1/ha), cyperm ethrin 3EC (0.23 1/ha),
cyfluthrin 2E (0.02 1/ha), endosulfan 2EC (2.33 1/ha), azinphos-m ethyl 2EC (1.75
1/ha), methomyl 1.8EC (3.5 1/ha), and carbaryl 1.9L (1.40 1/ha).

Tw o more

treatm ents (aluminum mulch alone and aluminum mulch-1-permethrin 2EC at 0.73
1/ha) were added to the 1992 and 1993 experim ents as part o f a cultural m anagement
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practice to increase tomatillo yield.

Insecticides were applied weekly with a 7 .6 1

hand-held Chapin sprayer beginning 2 weeks after transplanting until harvest for the
control o f both tomato fruitw orm and the early infestations o f virus-transm itting insect
vectors that might confound the data interpretation o f the insecticide effectiveness on
the reduction o f the fruit dam age caused by H. zea. Insecticides w ere applied to both
sides o f each plant row to ensure that tomatillo plants received com plete insecticide
coverage.

Treatm ent applications in a 7-day fixed schedule were made in the late

evening or early morning to minimize hazards to honey bee pollinators.

M ethomyl

at 1.68 kg ai/ha was directly applied to the soil prior to transplanting and Gram oxone
Super at

1.32 1/ha was applied as a postdirected

spray between

rows for

postem ergence control o f weeds.
Effectiveness o f the treatments was determined by inspecting and recording the
am ount o f fruitworm injury in the treated and nontreated test plots. U nripe tomatillos
that w ere injured by caterpillar feeding were picked at regular intervals beginning
shortly after fruit set and recorded. The rem aining fruit was allowed to ripen. Upon
ripening, fruit was harvested and scored for fruitw orm injury (presence o r absence).
Data were subject to analysis o f variance (ANOVA) and means were separated using
D uncan’s multiple range test ( />< 0 .0 5 ).
RESULTS
Data collected in the sum m er of 1991 and the spring and fall o f 1992 and 1993
are shown in Tables 2.1, 2.2, and 2.3.

The 1991 sum m er data were analyzed

separately because the year and season were unique and the alum inum mulch
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Table 2.1. Efficacy o f insecticides for the control o f tom ato fruitw orm on tom atillo 1991.
June 26, 1991 (Planting Date)
Insecticide

Rate
(form /ha
)

1. Perm ethrin 2EC

0.73 1

17.36

a3

6975

a

2. Esfenvalerate XL

0.58 1

28.17

a

6776

a

3. Cyperm ethrin 3EC

0.23 1

34.25

a

6637

a

4. Cyfluthrin 2E

0.02 1

45.92

a

6588

a

5. Endosulfan 2 EC

2.33 1

124.53

b

5944

b

6. Azinphos-m ethyl 2EC

1.75 1

144.00

b

5797

be

7. M ethomyl 1.8EC

3.50 1

151.92

b

5565

be

8. Carbaryl 1.9L

1.40 1

170.91

b

5702

be

1,043.00

c

5359

c

9. Control
(nontreated)

Dam aged Fruit1
(kg/ha)

Total Yield2
(kg/ha)

Fruit classified as damaged if one or more holes w ere chewed into the surface.
Total yield includes all fruit, damaged and not damaged.
Means followed by the same letter do not significantly differ at P = 0 .0 5 ,
D uncan’m ultiple range test.

Table 2.2. Efficacy o f insecticides o r aluminum mulch for the control o f tomato fruitworm on tomatillo - 1992.
M arch 27, 1992 (Planting Date)

Insecticide

Rate
(form/ha)

Dam aged Fruit1
(kg/ha)

Total Yield2
(kg/ha)

August 29, 1992 (Planting Date)
Damaged Fruit
(kg/ha)

Total Yield
(kg/ha)

1. Aluminum mulch

—

134.05

a3

14,035.50

a

120.85

a

14,795.80

a

2. Perm ethrin 2 EC

0.73 1

139.06

a

12,166.73

abc

168.11

abc

12,155.40

b

3. Cyfluthrin 2E

0.02 1

144.77

a

12,674.13

ab

152.83

ab

13,172.46

ab

4. Esfenvalerate XL

0.58 1

161.54

ab

11,659.80

be

155.84

ab

12,255.15

b

5. Cypermethrin 3EC

0.23 1

178.52

ab

11,374.48

be

154.32

ab

12,804.15

ab

6. Carbaryl 1.9L

1.40 1

231.84

ab

10,817.74

be

221.70

be

11,059.00

b

7. Azinphos-methyl 2EC

1.75 1

237.72

ab

11,006.37

be

176.77

abc

11,703.32

b

8. Endosulfan 2EC

2.33 1

271.04

b

10,646.00

be

178.17

abc

11,809.43

b

9. M ethomyl 1.8EC

3.50 1

272.41

b

10,214.20

c

234.72

c

10,810.04

b

1,237.55

c

8,060.37

d

1,119.28

d

8,346.24

c

10. Control
(nontreated)

—

Fruit classified as damaged if one or m ore holes were chewed into the surface.
Total yield includes all fruit, damaged and not damaged.
M eans followed by the same letter do not significantly differ at P = 0 .0 5 , Duncan’s multiple range test.

LA
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Table 2.3. Efficacy of insecticides and aluminum mulch for the control o f tomato fruitworm on tomatillo - 1993.
March 20, 1993

Insecticide
Aluminum Mulch
+ Permethrin 2 EC
Aluminum Mulch

Rate
(form/ha)
0.73 1
—

Damaged
Fruit1
(kg/ha)

August 15, 1993

Total
Yield2
(kg/ha)

Damaged
Fruit
(kg/ha)

Total
Yield
(kg/ha)

42.01

a3

16,442.7

a

34.13

a

16,923.0

a

106.47

a

12,192.1

be

108.18

b

12,247.6

b

Cypermethrin 3EC

0.23 1

83.42

a

13,610.8

b

106.24

b

12,008.6

b

Permethrin 2EC

0.73 1

104.43

a

11,925.4

be

101.04

b

12,705.0

b

Cyfluthrin 2E

0.02 1

85.39

a

13,137.8

b

122.86

b

11,312.6

be

Esfenvalerate XL

0.58 1

84.50

a

12,844.9

b

106.35

b

11,485.4

be

Azinphos-methyl 2EC

1.75 1

220.42

b

10,003.2

c

264.24

c

9,922.0

c

Methomyl 1.8EC

3.501

234.45

b

9,771.2

c

212.53

c

10,164.0

c

Endosulfan 2EC

2.33 1

253.32

b

9,743.2

c

251.38

c

9,899.7

c

Carbaryl 1.9L

1.40 1

253.57

b

9,609.1

c

229.90

c

10,227.5

c

1,195.95

c

7,039.9

d

1,076.90

d

7,478.7

d

Control
(nontreated)

--------

Means o f damaged fruits are arranged by order o f insecticide efficacy. Fruit classified as damaged if one or more holes
were chewed into the surface.
Total yield includes all fruit, damaged and not damaged.
Means followed by the sam e letter do not significantly differ at P = 0 .0 5 , Duncan’s m ultiple range test.

L/l
VO
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treatm ent was not present. Exam ination o f residual plots and Levene’s test indicated
that variances were hom ogeneous. Yields were assumed to have a norm al distribution
on the Shapiro-W ilke’s test ( P < W = 0 .4 8 4 3 ). ANOVA showed a significant chemical
effect ( P > F = 0 .0 0 0 1 ) (SAS). D uncan’s m ultiple range test post-A N O V A procedure
indicated

that pyrethroid

treatm ents

(perm ethrin,

cyperm ethrin,

esfenvalerate,

cyfluthrin) were significantly more effective in controlling tom ato fruitw orm and
treated plants gave higher yields than those treated with the organophosphates
(azinphos-m ethyl, m ethomyl), carbamate (carbaryl), and organochlorine (endosulfan)
insecticides.

However, yields were still low and sim ilar to those obtained from the

planting date-yield response study from the m id-sum m er planting. No phytotoxicity
was observed on any plot.
Sim ilar results were obtained when the same treatm ents w ere applied to
tom atillo grown in the spring and fall o f 1992 and 1993, with the exception o f a yield
increase due to the cool weather conditions favorable to the fruit setting. The main
effects, year (P > F = 0 .0 0 0 3 ) and chemical (P > F = 0 .0 0 0 1 ) as well as their interaction
( P > F = 0 .0 4 0 6 ) were significant at least at Pr(Type 1 )= 0 .0 5 .

Pairw ise contrasts

com paring year (1992 versus 1993) for a particular treatm ent indicated that, in
addition to the efficacy o f the pyrethroid treatm ents over carbaryl, azinphos-m ethyl,
and endosulfan, the aluminum

mulch + insecticide (perm ethrin) treatm ent gave

significantly

control

higher

fruitw orm

than

any

insecticide

treatm ent alone.

Com parisons o f the mulching treatments and the control with the other insecticide
treatm ents within a year were tested at Pr(Type I) = 0 .0 0 1 4 7 , so that the overall
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experim entw ise error rate would remain constant. In 1992 and 1993, the control plots
had significantly m ore fruitw orm damage (about 9-10 times higher) and less
m arketable yield than the other treatm ents within a given year. The alum inum mulch
treatm ent in 1992 had both higher yield and fruitworm control than the insecticidetreated and nontreated plots. However, in 1993, the alum inum mulch treatm ent had
low er yield than the alum inum m ulch-binsecticide treatm ent.
D ISC U SSIO N
Brazzel et al. (1953) reported that H. zea was abundant during April and May
in Louisiana on lupine, crimson clover, white clover, and in the buds o f early grown
corn. Bishopp (1929) stated that four or five generations o f this insect might develop
in the South and that the third generation (July-August) was destructive.

H ow ever,

in this study, despite the efficacy o f all tested insecticides for the control o f H. zea in
the sum m er, tom atillo yield was still low in the treatm ent plots.

It is possible that

high day and night tem perature during the flowering period impaired fruit set and was
the main limiting factor affecting tomatillo yield in the sum m er (Can et a l., 1992).
High tem peratures greatly affected pollen abortion, thus inhibiting fertilization and
reducing the outcrossing o f the self-incompatible crops (Lewis, 1953; Sm ith, 1935).
Boudreaux (1994) also indicated that shedding o f the flower buds, flow ers, and small
fruit was a recurrent problem in the production of bell peppers in Louisiana, thus
lim iting the crop yield.

Any form o f stress in the growing environm ent can induce

fruit and flow er loss in bell pepper, particularly high tem peratures. O ther stresses,
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such as lack o f m oisture, too much m oisture, or low light intensity, also can aggravate
the problem .
Adjustm ent o f planting dates indicated that tom atillo production in Louisiana
was highest in the spring and fall (Chapter 4).

Again, the fruit dam age showed a

significant difference in the am ount o f injury in treated and nontreated plots. U nder
the conditions o f the experim ents in 1992 and 1993, the synthetic pyrethroids provided
high reductions in fruit dam age and significant increases in m arketable yield over the
organophosphate, carbam ate, and organochlorine insecticides.

T he significant

attributes o f this pyrethroid group are due to the high level o f efficacy against a broad
range o f insect pests, low mammalian toxicity, and long residual activity (Breese,
1977; Hoyt et al., 1978; Ruscoe, 1977). Both organophosphates and carbam ates were
much more ecologically disruptive than the pyrethroids and chlorinated hydrocarbon
insecticides (Anderson & Reynolds, 1960; Adkisson & Nem ee, 1967; M istric &
Sm ith, 1970; Pfrim m er, 1979). The important natural enem ies most com m only found
affecting insects were generally more susceptible to organophosphates and carbam ates
than to pyrethroids and organochlorine insecticides (Ripper, 1956; M offet et al.,
1970).

Also, both organophosphates and carbam ates w ere much less persistent and

thus had to be applied at more frequent intervals (Anderson & N akakihari, 1968;
Bottrell & Adkinson, 1977).

Johansen (1977) reported that azinphos-m ethyl and

methomyl were hazardous to honey bees at any tim e on bloom ing crops while
pyrethroids only caused minimal hazards. Both use o f more selective chem icals and
use of lower amounts o f chem icals per acre will help diminish the problem o f
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pesticide damage to pollinators (bumble bees, honey bees) that play an im portant role
in the pollination o f the self-incom patible tomatillo (Shorey & H all, 1963).

One

objective o f our study was to search for insecticides that would be effective on the
insect pests, but low in hazard to pollinators (Gaines, 1954; Johansen & Kleinschm idt,
1972).
A large and diverse group o f insects attack tom atillo.

Those causing direct

dam age by feeding on the fruit included tomato fruitw orm , while aphids, thrips, and
flea beetles, known vectors o f cucum ber mosaic virus, tomato spotted wilt virus, and
Physalis mosaic virus, respectively, are also significant pest problem s (Figure 2.1).
Aphids and thrips were common pests o f tomatillo.

The green peach aphid (M .

persicae) and the potato aphid (M. euphorbiae) seldom occurred in the high densities
that could directly impede plant growth (Semtner, 1984). How ever, thrips frequently
built up large populations on tom atillo in May and early October. On small seedling
plants thrips might destroy a large part o f the photosynthesizing surface o f the leaves.
E. cucumeris and D. balreata began to appear in May and their populations peaked
in late Septem ber and early O ctober, contributing to a high incidence o f PhyM V
(Figure 2.1).

Cool weather conditions present in the spring and fall that favored

increased tomatillo yields w ere incidentally associated with the high incidence o f virus
vectors that peaked during the flowering periods (May and O ctober), thereby favoring
the transmission o f virus diseases.

However, in addition to the reduction o f fruit

dam age by H, zea, it was observed that all insecticides tested provided good control
o f both virus vectors and other insects (arm yworm s, leafhoppers, leaffooted

Figure 2.1. Key pests of tomatillo: (I) potato flea beetle, (2) tom ato fruitw orm , (3)
potato aphid, (4) banded cucum ber beetle, (5) W estern flow er thrips, (6) broad mite.
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bug, southern green stink bug) com m only found on tom atillo (Figure 2.2) (H arding,
1971).
Establishm ent o f an econom ic threshold and an econom ic injury level for H.
zea on tomatillo would be difficult because differences in cultivars, areas o f cultivation
(e.g. closeness to susceptible crops such as cotton, corn, soybean, solanaceous crops)
and many other variables. Tom atillo grow ers might use phenological events (time o f
flow ering, first fruit setting, etc.) to tim e the application o f insecticides (W algenbach
et al., 1989).

If this is coordinated with insect sam pling, then phenological timing

becomes a very useful technique and can contribute to the reduction o f insecticide
usage and a m onetary saving to the grow er, as has been reported with tom ato (Lange
& Bronson, 1981). H. zea has been a prim ary fruit pest o f tom atillo because o f its
wide host range, the occurrence o f several generations per year, and the boring habits
o f the larvae -- from which developing fruit must be protected. H. zea flights were
unpredictable in both time o f occurrence and intensity, but were generally intense
during August and Septem ber (W algenbach et al., 1989).

Early- and late-planted

tomatillo often escaped heavy damage from H. zea\ but the overlapping generations
o f early or late insect vectors (aphids, thrips, flea beetles) may require early control
to reduce the transmission o f virus diseases.

So, for the spring and fall tom atillo

crop, an early preventive insecticide application (about 1 o r 2 weeks before the
flowering stage) should take place and continue at weekly intervals for the control o f
both virus vectors and o f the first generation o f H. zea.

In the case o f tom ato,

Kennedy and cow orkers (1983) also indicated that early planting followed by weekly

Figure 2.2. Secondary pests of tomatillo: (7) Southern green stinkbug, (8) fall
arm yw orm , (9) leafhopper, (10) sharp shooter, (11) leafhopper, (12) leaffooted bug.
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insecticide application greatly reduced fruit dam age by H. zea. The broad-spectrum
pyrethroids will provide good insect control on tomatillo.
Due to the limited inform ation on the cultural practices used with tom atillo and
its recum bent grow th habit that can prevent com plete coverage o f the plant with
insecticides and postem ergence herbicides, alum inum mulch was evaluated in 1992,
then im proved in 1993 with some additional insecticide applications. It appears that
the alum inum -painted plastic mulch greatly reduced the amount o f insects feeding on
the plants.

This non-insecticidal control approach also takes into consideration the

additional beneficial effects o f mulching on yield (e.g. soil tem perature adjustm ent,
weed control, w ater percolation, and prevention o f fruit rot caused by R. solani and
other soil-borne pathogens) (Harpaz, 1982; Greenough et al., 1990; Naw zocka et al.,
1975).

H ow ever, one limitation is that with the sprawling habit o f tom atillo, its

developing foliage progressively shades the repellent reflection o f the mulch surface.
This has proven true in regard to other recum bent plants like cucum ber, squash, and
waterm elon (Smith & W ebbs, 1969). So, results o f this research indicated that two
or three Perm ethrin applications (0.73 1/ha) on the alum inum -painted mulch plots not
only significantly reduced the insect damage, but also resulted in two-fold yield
increases as com pared to the control plots in 1993.
Although none o f the insecticides tested are labeled for tom atillo at this time,
a recent release from the IR-4 program indicated that pesticide tolerances approved
for tom ato would be autom atically approved for tom atillo, thus making it possible to
label these insecticides through the IR-4 program .
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INTRO DUCTIO N
Tom atillo, comm only known as husk tom ato, has generated interest as a new
crop in California in the last decade and has potential for expansion in the Southern
G ulf States due to increased popularity o f Mexican food. Im ported tom atillo fruit are
available seasonally in Louisiana superm arkets, but at higher prices (about $ 4 .4/kg)
reflecting transportation and storage costs.
In anticipation of the regional demand for tomatillo use in the Louisiana sauce
industry, the fresh vegetable market, and for local garden use, recent research in
Louisiana has dem onstrated that tomatillo yield was highest in the cooler tem peratures
o f spring and fall (Can et a l., 1992).
Despite potential as a new horticultural crop, little research has been conducted
in the United States to address cultural practices for tomatillo.

Field evaluations of

planting dates and nitrogen fertilization showed that weeds, which com pete for light,
water, nutrients, and spaces, and harbor various pests and diseases, are often a
lim iting factor to maximizing yield of tomatillo (Tomlinson et a l., 1970; Cho et al.,
1986; Rist & Lorbeer, 1989; Valverde et a l., 1993).

Yield losses o f tom atillo o f

more than 70-80% with no weeding have been observed. The degree o f yield loss can
be influenced by the growth habit of the weed. Perennial, deep-rooted weeds with a
spreading growth habit can cause more loss.

The fast-growing weeds may cause

greater losses from early season competition. At early stages o f grow th the annuals
are troublesom e, at later stages the perennial weeds are m ore harm ful.

W eeds are

more com petitive during the summ er and early fall than in spring, thereby causing
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greater losses (Gworggw oz, 1990). Although no herbicides are labeled for tom atillo
at this tim e, a recent release from the IR-4 program indicated that pesticide tolerances
approved for tomato (Doub et a l., 1988; Fortino & Splittstoesser, 1974; Johnson &
H open, 1984; M cGriffin & M asinuas, 1991; Usoroh, 1988) would also be approved
for tom atillo (M onaco, 1977).
The purpose o f this study was to evaluate the tolerance level o f tom atillo to a
num ber o f herbicides presently labeled in tomatoes (Glaze, 1988; Henne, 1975; Hertz
& Anklam , 1986) and other vegetable crops (pepper Capsicum annuum L. var.
annuum , potato Solatium tuberosum L ., sweet corn Zea mays L. var. rugosa) as well
as for those recom mended for m ajor agronom ic crops (soybean, rice, cotton ) grown
in Louisiana (Hilton & M inotti, 1983) (Tables 3.1 and 3.2). Inform ation generated
from this research should lead to increased potential for econom ic production o f
tom atillo under typical weed infestation levels in Louisiana.
M A T E R IA L S AND M E T H O D S
P reem ergence a n d

nostem ergence greenhouse stu d ie s.

Tolerance to

preem ergence and postem ergence herbicide treatm ent was evaluated in the greenhouse
during the springs o f 1991 and 1994 using direct-seeded and transplanted tomatillo.
Seven preem ergence herbicides, trifluralin (Treflan 4EC) at 1.12 kg ai/ha, m etribuzin
(Sencor 75DF) at 0.28 kg ai/ha and 0.43 kg ai/ha, napropam ide (Devrinol 2EC) at
1.12 kg ai/ha, m etolachlor (Dual 8EC) at 2.24 kg ai/ha, pendim ethalin (Prowl 4EC)
at 1.12 kg ai/ha, alachlor (Lasso 4EC) at 2.24 kg ai/ha, and clom azone (Com mand
4EC) at 0.84 kg ai/ha, were applied to both field soil and a steamed soil m ixture (2

Table 3.1. Herbicides tested on tomatillo and labeled for use in other Louisiana crops.
CROP
H E R B IC ID E 1

Tomato

Trifluralin

•

Metribuzin

•

Napropamide

•

Potato

Pepper

Cucurbits

o

•

Cotton

9

9

9

Pendimethalin

•

Clomazone

•

Fluazifop-butyl

•

Sweet Corn

9

Alachlor

Sethoxydim

Rice

9

•

M etolachlor

Soybean

•

9

9

9

9

9

9

9

9

Imazethapyr

•

Fomesafen

•

Bentazon
Acifluorfen
1 None o f these herbicides is labeled for tomatillo.
* Source: Louisiana’s Suggested Chemical W eed Control Guide for 1993.

9
9

9

9

Table 3.2. Efficacy o f herbicides for weed control in tomatillo.
BROADLEAVES
White
Clover

G R A SSES
Curly
Dock

Bamyardgrass

Carpetweed

Common
Purslane

Pigweed

Trifluralin

•

•

•

Metribuzin

•

•

•

Napropamide

•

•

•

•

Pendimethalin

9

•

•

•

M etolachlor

•

9

•

9

Alachlor

•

9

•

H E R B IC ID E

Mayweed

Crowfootgrass

Crabgrass

Goose- Y ellow Bermudagrass Nutsedge
grass

PRE

•
•

o
0

Clomazone

•

•
•

•

•

•

•

•

•

•

•

•

•

•

•

9

•

•

•

9

•

•

9

•

•

•

9

•

•

•

9

9

•

POST

•

Sethoxydim
Fluazifop-butyl

9

Quizalofop
Bentazone

9

•
9

Imazethapyr

•

9

Fomesafen

•

9

•

Acifluorfen

•

9

•

* Sources:

•

•
9

e

•

9

9

•

9

9

9

9

9

9

•
0

Louisiana’s Suggested Chem cical W eed Control Guide for 1993
1994 Crop Protection Chem icals Reference

Os
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field soil: 1 sand: 1 peat moss) placed in 1-gallon pots. Herbicides w ere applied in a
spray volum e o f 86 1/ha at 28kPa spray pressure.

Trifluralin (Treflan), m etribuzin

(Sencor), napropam ide (D evrinol), and pendim ethalin (Prow l) w ere incorporated to
2.5 cm deep imm ediately after application. Each treatm ent was replicated five times.
Tw enty tomatillo seeds were planted in each pot containing the treated soil m ixture
at a depth o f 1 cm.
treatm ent.

Percent seed germ ination was recorded three weeks after

In the study o f the preem ergence herbicide tolerance o f tom atillo grown

in treated field soil and soil m ixture, direct-seeded and transplanted tom atillo were
thinned to one plant per pot. Six weeks after treatm ent, plant injury (based on a scale
o f 0 to 100 where 0 = no injury and 100 = plant death), plant height, and top and root
growth were recorded to determ ine the level o f tom atillo tolerance to the herbicide
treatm ents.
Postem ergence herbicides, sethoxydim (Poast 1.5 EC) at 0.20kg ai/ha,
fluazifop-butyl (Fusilade 2000 1EC) at 0.22 kg ai/ha, quizalofop (Assure 0.8E C ) at
0.08 kg ai/ha, bentazon (Basagran 4EC) at 0.84 kg ai/A , im azethapyr (Pursuit 2EC)
at 0.07 kg ai/ha, fomesafen (Reflex 2EC) at 0.42 kg ai/ha, and acifluorfen (Blazer
2EC ) at 0.28 kg ai/ha, were applied to three-w eek-old tom atillo grow n in soil m ixture
in pots in the greenhouse.

A non-ionic surfactant at 0.25% (v/v) was added to all

herbicide treatm ents except sethoxydim to which a 1 % (v/v) crop oil concentrate was
added.

Herbicides were applied in a spray volume of 86 1/ha. Each treatm ent was

replicated five times. Plant height and injury (based on a scale o f 0 to 100% where
0 = n o injury and 100= plant death) were evaluated two weeks after treatm ent while
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top and root grow th, and plant height were m easured six weeks after treatm ent. Less
phytotoxic herbicides were further evaluated under field conditions for both tom atillo
tolerance and weed control.

The study was repeated twice and the experim ental

design was a randomized com plete block with five replications. Data w ere subjected
to analysis o f variance. M eans were separated using D uncan’s m ultiple range test at
the P = 0 .0 5 probability level.
P re a n d post-em ergence h e rb icid e stu d ie s. This experim ent was conducted
two times in 1992 on the LSU-AC Horticultural Farm and in 1993 at the LSU-AC
Burden Research Plantation in Baton Rouge, Louisiana. Each experim ental plot was
0.60 m wide by 4.50 m long and consisted o f 10 plants set in a single row spaced
0.45

m apart.

Fertilizer 58-58-58 kg/ha (N-P20 5-K20 )

incorporated before transplanting.

was broadcasted

and

Nitrogen fertilizer as am m onium nitrate (76 kg

N/ha) was applied three weeks after transplanting.

Puebla V erde tom atillo plants

started in the greenhouse were transplanted into the field M arch 25 and August 20,
1992 and March 20 and August 18, 1993.

Preem ergence herbicide treatm ents

included: metribuzin (Sencor 0.75D F ) at 0.28 kg ai/ha, trifluralin (Treflan 4EC) at
1.12 kg ai/ha, napropam ide (Devrinol 2EC) at 1.12 kg ai/ha, m etolachlor (Dual 8EC)
at 1.68 ai/ha, pendimethalin (Prowl 4EC) at 1.12 kg ai/ha, and clom azone(Com m and
4EC) at 0.84 kg ai/ha. M etribuzin, trifluralin, napropam ide, and pendim ethalin were
incorporated with hand rakes immediately after herbicide application while the other
herbicides were not incorporated.

All herbicides w ere applied

1 day before

transplanting with a C 0 2 powered backpack sprayer delivering 86 1/ha at 28 kPa
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pressure.

Postem ergence herbicides sethoxydim (Poast 1.5EC) at 0.22 kg ai/ha,

fluazifop-butyl (Fusilade 2000 1EC) at 0.20 kg ai/ha, quizalofop (Assure 0.8E C ) at
0.08 kg ai/ha, bentazon (Basagran 4EC) at 0.80 kg ai/ha, im azethapyr (Pursuit 2EC)
at 0.07 kg ai/ha, and fomesafen (Reflex 2EC) at 0.43 kg ai/ha w ere applied 3 weeks
after transplanting. With the exception o f sethoxydim, where crop oil concentrate was
applied at 1.0% (v/v), postem ergence herbicide treatm ents contained non-ionic
surfactant (X-77) at 0.25% (v/v).
Both grasses and broadleaf weeds were present in the field studies. The most
predom inant weeds included: barnyardgrass (Echinochloa crus-galli L .), large
crabgrass (Digitaria sanguinalis L .), crow footgrass (Dactyloctenium aegyptium L.
W illd.), goosegrass (Eleusine indica L. G aretn.), yellow nutsedge ( Cyperns escidentus
L .), carpetweed (Mollugo verricillata L.), Virginia pepperweed (Lepidium virginicum
L .), spiny pigweed (Amaranthus crusgulli L .), common purslane (Portulaca oleracea
L .), corn spurry (Sperguki arvensis L .), and curly dock (Rum ex crispus L .) (Figure
3.1).
Visual assessment of the crop injury and weed control were made around three
weeks after transplanting, using a scale o f 0 to 100 where 0 represented no crop injury
or no weed control and 100 represented com plete death o f the crop.

Yield o f

tom atillo plots w ere determ ined ten weeks after transplanting by harvesting fruit from
all plants present in each plot. The experimental design was a random ized com plete
block with four replications.

Figure 3.1. Com m on weeds in tom atillo fields: (1) broadleaf signalgrass, (2) large
crabgrass, (3) barnyardgrass, (4) foxtail, (5) yellow nutsedge, (6) goosegrass (figure
co n ’d).

Figure 3.1 (Continued). Com m on weeds in tomatillo fields: (7) spergula, (8) Virginia
pepperw eed, (9) spiny pigweed, (10) groundcherry, (11) com m on purslane, (12) white
clover.
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RESULTS
G reenhouse stu dies.

Tom atillo seed germ ination was at least 89% with

napropam ide, pendim ethalin, and trifluralin, and greater than for alachlor, clom azone,
or m etribuzin (Table 3.3). F o r m etolachlor, tom atillo germ ination was equivalent to
that for napropam ide, pendim ethalin, or trifluralin, but less than for the nontreated
control. Seed germ ination was 75 and 35% for alachlor and clom azone, respectively,
and em erged seedlings were stunted.

Bleaching o f tom atillo leaves was noted with

clom azone. With pendim ethalin, seedling em ergence occurred with subsequent death
within 3-5 days after em ergence. Significant differences in plant height, and top and
root growth were not noted for tom atillo in soil m ixture treated with napropam ide,
pendim ethalin, or trifluralin (Table 3.4).

O ther herbicide treatm ents for the soil

mixture showed reduction in the growth param eters com pared with the nontreated
control. In contrast, for the field soil, only pendim ethalin resulted in tom atillo plant
height and root growth com parable to the control.

The variation in response is

probably due to greater adsorption o f herbicide in the soil m ixture containing peat
moss com pared with the field soil. Less herbicide would be present in the field soil
solution and therefore unavailable for plant uptake.
For the transplanted tom atillo, tolerance to pendim ethalin, napropam ide,
trifluralin and m etolachlor was equivalent to the nontreated control when planted in
the soil m ixture (Table 3.5). W hen tom atillo was transplanted into treated field soil,
plant height and top growth was less than for the nontreated check, but root growth
in soil treated with pendim ethalin, trifluralin, napropam ide, or m etolachlor was
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Table 3.3. Effect o f preem ergence herbicides on seed germ ination in direct-seeded
tom atillo1.

H erbicide
Nontreated

Rate
(kg ai/ha)
—

Seed G erm ination
(%)
96

a2

Napropam ide

1.12

91

ab

Pendim ethalin

1.12

90

ab

Trifluralin

1.12

89

ab

M etolachlor

1.68

83

be

Alachlor

2.24

75

c

Clom azone

0.84

35

d

M etribuzin

0.28

0

e

M etribuzin

0.43

0

e

1
2

Values represent an average for two greenhouse studies.
M eans followed by the same letter do not significantly
differ at P = 0 .0 5 , D uncan’s m ultiple range test.

Table 3.4. Tolerance o f direct-seeded tom atillo to preemergence herbicides in greenhouse studies.
Soil M ixture

T re atm e n t

R ate
(kg ai/ha)

P la n t
H eight
(cm)

Field Soil

Top
G row th

Root
G row th

(g)

(g)

P lan t
H eight
(cm)

Top
G row th

R oot
G ro w th

(g)

(g)

Pendimethalin

1.12

109.2 ab 1

12.40a

1 .16a

85.0 a

8.42 b

0.84 ab

Trifluralin

1.12

106.0 ab

12.30a

1 .12a

78.6 b

7.86 be

0.78 be

Napropamide

1.12

102.2 ab

11.70 a

1.04 ab

77.8 b

7.47 c

0.77 c

M etolachlor

1.68

99.8 b

10.47 b

0.96 be

62.4 c

6.50 d

0.61 d

Alachlor

2.24

85.2 c

8.33 c

0.85 c

58.8 c

5.29 e

0.57 d

Clomazone

0.84

11.4 d

0.76 d

0.05 d

0 .0 d

0.00 f

0.00 e

M etribuzin

0.28

0 .0 e

0.00 d

0.00 d

0 .0 d

0.00 f

0.00 e

M etribuzin

0.43

0 .0 e

0.00 d

0.00 d

0 .0 d

0.00 f

0.00 e

Control
(nontreated)

—

1 1 1 .2 a

1 2.82a

1.11 a

89.2 a

10.30 a

0.89 a

1 Means followed by the same letter do not significantly differ at P = 0 .0 5 , Duncan’s multiple range test.

Table 3.5. Tolerance o f transplanted tomatillo to preemergence herbicides in greenhouse studies.
Soil Mixture

Treatment

Rate
(kg ai/ha)

Plant
Height
(cm)

Field Soil

Plant Dry
Weight

Root Dry
Weight

(g)

(g)

Plant
Height
(cm)

Plant Dry
Weight

Root Dry
Weight

(g)

(g)

Pendimethalin

1.12

121.6 ab 1

14.60 ab

1.27 a

98.0 b

9.40 b

0.94 a

Trifluralin

1.12

113.8b

13.21 be

1.20 a

96.2 b

9.36 b

0.97 a

Napropamide

1.12

129.2 a

15.40 a

1.37 a

97.6 b

9.11 b

0.96 a

M etolachlor

1.68

115.4b

14.20 ab

1.24 a

96.0 b

9.11 b

0.95 a

Alachlor

2.24

97.8 c

11.95 cd

0.95 b

8 3 .6 c

8 .1 0 c

0.85 b

Clomazone

0.84

84.4 d

10.64 d

0.86 b

60.4 d

5.16 d

0.50 c

M etribuzin

0.28

0.0 e

0.00 e

0.00 c

0 .0 e

0.00 e

0.00 d

Metribuzin

0.43

0 .0 e

0.00 e

0.00 c

0 .0 e

0.00 e

0.00 d

122.6 ab

15.10a

1 .3 2 a

103.0 a

10.50 a

1.00 a

Control
(nontreated)

—

1 Means followed by the same letter do not significantly differ at P = 0 .0 5 , D uncan’s multiple range test.
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equivalent to the control. Tom atillo was more sensitive to clom azone than alachlor
when direct-seeded but injury was unacceptable regardless o f w hether direct-seeded
or transplanted. Tom atillo showed no tolerance to m etribuzin w hether direct-seeded
or transplanted.
All transplanted tom atillo plants died following postem ergence application o f
im azethapyr, fom esafen, o r acifluorfen (Table 3.6).

Significant phytotoxicity was

observed on plants treated with bentazon. Even though visual injury to tom atillo was
not noted with sethoxydim , fluazifop-butyl, or quizalofop, stunting was observed with
sethoxydim and fluazifop-butyl 6 weeks after treatm ent, resulting in reduced plant
grow th and root biomass when compared to the nontreated control.
how ever, was not noted for quizalofop.

This response,

Since sethoxydim , fluazifop-butyl, and

quizalofop only have activity against grasses, the reason for the response was not
apparent.
Field stu d ie s.

Preem ergence and postem ergence herbicides w ere com pared

in field studies for tomatillo phytotoxicity and weed control.
spring or fall was

injured

no more than 4%

with

Tom atillo planted in

m etolachlor,

trifluralin,

napropam ide, or pendim ethalin applied preem ergence o r fluazifop-butyl, sethoxydim ,
or quizalofop applied postem ergence (Table 3.7). Injury to tom atillo was 18 to 68%
for im azethapyr, fomesafen, clom azone, alachlor, and bentazon.
injury to at least 96% o f treated tomatillo tissues.

M etribuzin caused

For a herbicide to be useful it

should not only be safe to tom atillo, but must also provide acceptable weed control.
O f the herbicide treatm ents which provided acceptable tom atillo tolerance

Table 3.6. Tolerance o f transplanted tomatillo to postem ergence herbicides in greenhouse studies.
Soil M ixture

Treatm ent1

Rate
(kg ai/ha)

Sethoxydim

1.12

0.0

c2

52.30 b

111.0

b

13.37

c

1.08

b

Fluazifop-butyl

0.20

0.0

c

71.30 a

113.0

b

13.82

be

1.11

b

Quizalofop

0.08

0.0

c

75.40 a

121.8

a

14.60

ab

1.28

ab

Bentazon

0.80

15.0

b

56.20 b

107.8

b

13.23

c

1.12

b

Imazethapyr

0.07

100.0

a

0.00 c

0.0

c

0.00

d

0.00

c

Fomesafen

0.43

100.0

a

0.00 c

0.0

c

0.00

d

0.00

c

Acifluorfen

0.28

100.0

a

0.00 c

0.0

c

0.00

d

0.00

c

0.0

c

72.20 a

126.2

a

15.08

a

1.36

a

Control (nontreated)
1
2

—

Plant Injury
(%)

Plant Height
14 DAT (cm)

Plant Height
42 DAT (cm)

Plant Dry
W eight (g)

Root Dry
W eight (g)

Non-ionic surfactant (X-77) at 0.25% (v/v) added to all treatments except sethoxydim where crop oil concentrate was added
at 1.0% (v/v).
M eans followed by the same letter do not significantly differ at P = 0 .0 5 , D uncan’s multiple range test.

Table 3.7. Effects of preem ergence and postem ergence herbicides on phytotoxicity o f transplanted tomatillo and weed control
in field studies.
Phytotoxicity (%)
H erbicide
M etribuzin
Imazethapyr
Fomesafen
Clomazone
Alachlor
Bentazon
M etolachlor
Trifluralin
Napropamide
Pendimethalin
Fluazifop-butyl
Sethoxydim
Quizalofop
Control
(nontreated)

S p rin g

Fall

W eed C o n tro l (% )'
S p rin g 1993

R ate
(kg ai/ha)

A ppl.
Tim e

1993

1993

Grasses

0.28
0.07
0.43
0.84
2.24
0.80
1.68
1.12
1.12
1.12
0.20
1.12

PRE
POST
POST
PRE
PRE
POST
PRE
PRE

96
57
62
39

97 a
64 b
67 b
39 c
25 d
24 d
1e
Oe
0e
0e
0e
Oe

95 ab
29 e
24 e
96 a
82 d
87 cd
95 ab
90 abc
86 bed
84 cd
90 abc
85 cd

97 a
94 a-d
95 abc
97 a
89 d
47 e
96 ab
91 bed
92 bed
91 bed

85 cd
Of

8g
Oh

0.08
----

PRE
PRE
POST
POST
POST
----

a2
b
b
c

24 d
17 e
4f
Of
Of
Of
Of
Of
Of
Of

0e
Oe

Broadleaves

13 g
25 f

Fall 1993
Grasses
96 ab
21 e
17 e
97 a
86 d
92 abc
94 abc
93 abc
91 bed
90 cd
92 abc
89 cd
89 cd
Of

Broadleaves
97 a
96 a
95 ab
95 ab
90 b
44 c
94 ab
95 ab
92 ab
90 b
19 e
32 d
12 f
Og

1 G rasses=barnyardgrass, goosegrass, crow footgrass, large crabgrass.
B roadleaves=carpetw eed, spiny pigweed, Virginia pepperweed, common purslane.
2 Means within each column followed by the same letter do not significantly differ at P = 0 .0 5 , using D uncan’s multiple range test.
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(m etolachlor, trifluralin, napropam ide, and pendiinethalin preem ergence and fluazifopbutyl, sethoxydim , and quizalofop postem ergence) control o f grasses following fall or
spring application was at least 84% (Table 3.7).
carpetw eed,

spiny pigw eed,

common purslane)

Broadleaf weed control (V irginia
was at least 90%

with

the

preem ergence herbicides exhibiting tomatillo tolerance, but unacceptable with the
postem ergence treatments.
W hen weed control was obtained and herbicides w ere not injurious to
tomatillo, significant yield increases were obtained when com pared with the nontreated
control (Table 3.8).

Tom atillo yields o f m ore than 11,200 kg/ha were obtained in

both spring and fall plantings which reflected the crop safety and weed control with
the selective preem ergence (m etolachlor, trifluralin, napropam ide, pendiinethalin) and
postem ergence (sethoxydim , fluazifop-butyl, quizalofop) herbicides (Table 3.8).
Injury to tomatillo with clom azone and alachlor resulted in 12 to 25% yield reductions
despite applications o f sethoxydim , fluazifop-butyl, and quizalofop. Yield reductions
o f 20 to 80% were observed with bentazon, im azethapyr, and fomesafen applied
postem ergence,

following the preem ergence herbicides m etolachlor, trifluralin,

napropam ide, or pendiinethalin.

Despite its high efficacy on weed control,

phytotoxicity observed with metribuzin resulted in tomatillo yields o f no m ore than
98 kg/ha, which were lower than the nontreated control.
DISCUSSION
An integrated weed m anagement program involves proper use o f herbicides
best suited to the weed problem , correct assessment o f the critical period for weed

Table 3.8. Effects of preem ergence and postem ergence herbicide treatments on yield o f tomatillo in field studies.
Yield (kg/ha)
Treatm ent1

Rate
(kg ai/ha)

T rifluralin + sethoxydim

1 .1 2 + 1 .1 2

11,853

a-d2

12,199

abc

13,879

a

12,089

def

Trifluralin + fluazifop-butyl

1 .1 2 + 0 .2 0

12,109

abc

12,011

be

13,648

ab

12,837

be

T rifluralin+ quizalofop

1 .1 2 + 0 .0 8

11,363

cde

11,733

cd

13,328

ab

11,843

ef

M etolachlor+sethoxydim

1 .6 8+ 1.12

12,279

ab

12,749

a

13,193

be

13,558

a

M etolachlor+fluazifop-butyl

1 .6 8 + 0 .2 0

12,401

a

12,513

ab

13,456

ab

13,261

ab

M etolachlor-(-quizalofop

1.6 8 + 0 .0 8

11,935

abc

12,165

be

12,483

de

12,730

bed

N aproam ide+sethoxydim

1.12 + 1.12

11,500

b-e

11,966

be

12,515

de

12,280

c-f

Naproamide-t- fluazifop-butyl

1 .1 2 + 0 .2 0

11,776

a

12,112

be

12,807

cd

12,604

bed

N aproam ide+quizalofop

1 .1 2 + 0 .0 8

11,451

b-e

11,782

be

12,289

de

11,623

c-f

Pendimethalin +sethoxydim

1.12 + 1.12

11,343

cde

11,739

cd

12,280

def

12,572

cd

Pendimethalin + fluazifop-butyl

1 .1 2 + 0 .2 0

11,829

a

11,923

be

12,109

ef

12,482

cde

Pendi m ethalin+ quizalofop

1 .1 2 + 0 .0 8

11,297

cde

11,287

de

11,836

f

11,631

fg

A lachlor+sethoxydim

2 .2 4 + 1 .1 2

10,998

def

10,721

ef

10,780

11,083

gh

A lachlor+fluazifop-butyl

2 .2 4 + 0 .2 0

10,721

efg

10,886

ef

10,503

g
ghi

10,591

hij

Alachlor-t- quizalofop

2 .2 4 + 0 .0 8

10,394

fgh

10,316

10,265

g-k

10,799

Clom azone -1- sethoxydim

0 .8 4 + 1 .1 2

9,660

hi

10,604

fg
f

10,159

h-k

10,898

hij
hi

Clom azone+fluazifop-butyl

0 .8 4 + 0 .2 0

9,860

hi

10,665

f

10,402

g-j

10,591

hij

0 .8 4 + 0 .0 8

9,374

i

10,338

fg

10,035

ijk

10,115

jkl

C lom azone+ quizalofop
(table con’d)

Spring ’92

Spring ’93

Fall ’92

Fall ’93

o

Table 3.8. Continued.
Yield (kg/ha)
Treatment

Rate
(kg ai/ha)

Spring ’92

T rifluralin+ bentazon

1 .1 2 + 0 .8 0

9,713

hi

9,511

hi

10,694

gh

9,800

kl

M etolachlor+ bentazon

1 .6 8 + 0 .8 0

10,130

ghi

10,768

ghi

10,312

g-j

10,999

ghi

N aproam ide+ bentazon

1 .1 2 + 0 .8 0

9,751

hi

9,588

gh

10,041

'jk

10,360

ijk

Pendim ethalin+bentazon

1 .1 2 + 0 .8 0

9,654

hi

9,261

i

9,885

jk

9,625

1

A lachlor+bentazon

2 .2 4 + 0 .8 0

9,771

hi

8,382

9,687

k

8,541

mno

C lom azone+bentazon

0 .8 4 + 0 .8 0

8,577

9,141

8,943

1.

9,587

1

Trifluralin+ im azethapyr

1 .1 2 + 0 .0 7

7,224

j
kl

j
i

8,973

1

8,137

n-q

M etolachlor+ i mazethapy r

1 .6 8 + 0 .0 7

6,838

1m

7,200

ju
mno

8,316

m

7,822

N aproam ide+im azethapyr

1 .1 2 + 0 .0 7

7,420

kl

8,187

jk

7,900

m

8,427

pq
m-q

Pendim ethalin+ imazethapyr

1 .1 2 + 0 .0 7

8,035

jk

8,002

jkl

7,947

m

8,828

m

Clom azone+ i mazethapy r

0 .8 4 + 0 .0 7

6,119

mn

6,702

op

7,069

n

7,454

A lachlor+ imazethapyr

2 .2 4 + 0 .0 7

7,437

kl

6,453

7,198

n

6,770

T rifluralin+ fomesafen

1 .1 2 + 0 .4 3

6,955

1

7,487

P
mn

qr
s

8,311

m

7,827

pq

M etolachlor+ fomesafen

1.6 8 + 0 .4 3

6,749

lm

7,084

no

7,959

m

7,566

N aproam ide+ fomesafen

1 .1 2 + 0 .4 3

7,172

kl

7,755

klm

7,822

m

7,891

q
opq

Pendim ethalin+ fomesafen

1 .1 2 + 0 .4 3

7,001

1

7,531

lmn

7,815

m

8,596

mn

A lachlor+ fomesafen

2 .2 4 + 0 .4 3

7,084

1

6,811

op

6,926

n

6,868

rs

0 .8 4 + 0 .4 3

5,840

n

6,229

P

6,766

n

7,632

q

C lom azone+ fomesafen
(table con’d)

Spring ’93

7,886

Fall ’92

Fall ’93

Table 3.8. Continued.
Yield (kg/ha)
Treatment

Rate
(kg ai/ha)

M etribuzin + sethoxydim

0 .2 8 + 1 .1 2

49

P

59

r

94

P

87

u

M etribuzin+ fluazifop-butyl

0 .2 8 + 0 .2 0

53

P

81

r

73

P

97

u

M etribuzin+ quizalofop

0 .2 8 + 0 .0 8

24

P

77

r

78

P

79

u

M etribuzin+ bentazon

0 .2 8 + 0 .8 0

35

P

54

r

68

P

69

u

M etribuzin+ i mazethapyr

0 .2 8 + 0 .0 7

18

P

27

r

63

P

56

u

M etribuzin+ fomesafen

0 .2 8 + 0 .3 4

21

P
0

16

r

58

54

u

5,168

q

5,044

P
o

5,587

t

Control (nontreated)
1
2

Spring ’92

3,583

Spring ’93

Fall ’92

Fall ’93

Non-ionic surfactant (X-77) at 0.25% (v/v) added to all treatments except sethoxydim where crop oil concentrate was added
at 1.0% (v/v).
Means within each column followed by the same letter do not significantly differ at P = 0 .0 5 , D uncan’s multiple range test.
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control, and use o f cultural practices that favor the growth o f the crop and m inim ize
the com petitiveness o f weeds (Ashley, 1989). Unlike an integrated pest m anagem ent
program where observations relative to pest problem s are made w hile the crop is
grow ing, the integrated weed m anagem ent begins before the crop is planted,
preferably in the previous year w here weeds can be identified and weed control
program s can be developed.

The critical period o f weed interference is a specific

minimum period o f time during which the crop must be free o f weeds in order to
prevent loss in yield and represents the overlap o f two separate components: (a) the
length o f tim e weeds can rem ain in a crop before interference begins and (b) the
length o f time that weed em ergence must be prevented so that subsequent weed
growth does not reduce crop yield.

These two com ponents clearly depend in part

upon the relative grow th rates o f the crop and its associated weeds (Durgy & Ashley,
1993; Friesen, 1979; W eaver & Tan, 1983).

In a three-year field survey it was

observed that the critical period o f weed interference in tom atillo was between 3 and
5 weeks after transplanting.
For direct-seeded tom atillo, a selected herbicide should be toxic to weeds but
not detrim ental to germ ination or growth o f tomatillo seedlings.

In transplanted

tom atillo, the basis o f selectivity could be related to the difference in crop and weed
grow th stages. Consequently, a herbicide may be toxic to direct-seeded tom atillo but
may not injure transplanted tom atillo.

This type o f activity has been com m on in

tom ato (W ilson et al. 1969; Henne, 1979; Gottlieb, 1982; G orske, 1982; Glaze, 1988;
Hertz & Anklam , 1986). Tom atillo production in Louisiana was highest in the spring
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and fall due to the cool w eather conditions suitable for the fruit set and to the low
infestation o f tom ato fruitw orm .

H ow ever, favorable cool w eather conditions were

incidentally associated with the high incidence o f virus vectors that peaked during the
flow ering periods (May and October), thereby favoring the transmission o f virus
diseases (Can et a l., 1992). So, tomatillo transplanting will probably be preferred to
direct seeding.
Results from both greenhouse and field studies indicated that tom atillo was
highly tolerant to preem ergence

(trifluralin, napropam ide,

pendim ethalin) and

postem ergence (sethoxydim) herbicides currently labeled for use on tomatoes.
Although metribuzin provided adequate preem ergence control o f carpetw eed, pigweed,
purslane, crabgrass, barnyardgrass, goosegrass, and crow footgrass in direct-seeded
or transplanted tomatillo, it caused severe crop injury (Fortino & Splittstoesser, 1974;
Labrada & Garcia, 1978; Balinova & Konstantinov, 1982; Nelson & Ashley, 1980).
Phytotoxicity was greatly enhanced when treatm ents were applied during cold, wet,
cloudy conditions as seen in early-season tomato planting (Phatak & Stephenson,
1973; Friesen & Ham il, 1978; Pritchard & W arren, 1980; Boudreaux et al., 1990).
Trifluralin at 1.12 kg ai/ha incorporated before transplanting o f tom ato gave
excellent control o f pigweed, carpetw eed, purslane, barnyardgrass, and crabgrass
(M ullins & Coffey, 1983). Preplant incorporation o f trifluralin is needed to increase
its persistence in the soil since factors that govern its disappearance from soil include
physical loss by volatilization and leaching, and degradation through photochem ical,
m icrobiological, and chemical processes.

Such factors are influenced by methods
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o f application and incorporation, clim atic conditions, and soil properties (Savage,
1973).

W right and W arren (1965) dem onstrated photochem ical degradation o f

trifluralin on soil surfaces when exposed to solar radiation.

M essm ersm ith et al.

(1971) also found com plete detoxification o f trifluralin in aqueous solution after
exposure to sunlight for 4 hours.

Horowith (1969) reported that, if properly

incorporated before transplanting, trifluralin was m ore persistent under field conditions
than under greenhouse conditions. Preplant incorporated applications o f napropam ide
and pendim ethalin in the present studies provided good control o f purslane, pigweed,
carpetw eed, crabgrass, goosegrass, barnyardgrass, and yellow nutsedges com m only
found in tomatoes (Cruz & Saito, 1982; Sanok et a l., 1980; M cCarty & Talbert,
1990; Romanowski et a l., 1980; Glaze, 1990). Due to their relatively broad-spectrum
weed control, soil persistence, and safety to tomato, trifluralin, napropam ide, and
pendim ethalin, either alone or in combination with fluazifop-butyl, acifluorfen, or
m etribuzin provide excellent weed control in tomato (Sanok et al., 1980; Skrock &
M onaco, 1980). H ow ever, the sprawling growing habit o f tom atillo did not facilitate
the

incorporation

o f preem ergence

products

in

the

herbicide

com binations.

Postem ergence application o f metribuzin following preem ergence application o f
m etribuzin or preplant incorporated trifluralin or napropam ide significantly improved
weed control on tomatoes (Henne & Guest, 1947; Stephenson et a l., 1960; Kalia &
Sani, 1980; M ohamm ed & Sweet,

1976).

M etribuzin was m ore effective in

controlling broadleaf weeds than grass weeds, but grass control was acceptable at
higher rates. H ow ever, tomatoes were more susceptible to injury when they w ere less
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than

10 cm tall (Fortino & Splittstoesser,

1974; da Silva & W arren,

1976).

M etribuzin applied after transplanting would be to phytotoxic to tom atillo, resulting
in crop stand reduction.
Although preplant applications o f m etolachlor slightly reduced tom atillo vigor
in the first ten days following transplanting in the late spring, the plant quickly
recovered as the soil tem perature increased. Sim ilar occasional injury sym ptom s from
m etolachlor were also observed on transplanted tomato although yield was not affected
(Glaze, 1988; Teasdale, 1985). Due to its soil residual activity on annual grasses, it
might be used after planting or late season weed control.
A significant reduction in tomatillo vigor and yield resulted with alachlor and
clom azone despite their high efficacy o f weed control (Swain 1980; Sweet et al.,
1980; M edrano et al. 1976).

Both acifluorfen and fomesafen are diphenyl ether

herbicides that disrupt cell m em branes.

Acifluorfen provided some adequate weed

control in tomato with some crop injury (Orr et al. 1987; Teasdale, 1987). Tom ato
injury was also influenced by size o f the plants at the tim e o f applications.
Phytotoxicity 7 DAT was 59% for plants treated at 15 to 20 cm and only 18% when
plants w ere 60-67 cm tall.

Increased phytotoxicity occurred at the higher rates.

Tem perature at time o f acifluorfen application did not influence phytotoxicity
(M asiunas & W eller, 1986).

Unlike tomato, tom atillo was severely injured by

acifluorfen, fomesafen, and imazethapyr applications in the present studies.
death

under field conditions occurred

Plant

within 48 hours following acifluorfen

applications, while severe crop injury occurred on m aturing tom atillo plants treated
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with im azethapyr or fomesafen. The addition o f surfactant with these herbicides gave
both increased weed control and increased crop injury in tom atillo.
Fluazifop-butyl, sethoxydim , and quizalofop were nonphytotoxic to tom atillo
and provided excellent postem ergence grass control.

These herbicides are often

applied in weed control program s with preem ergence herbicides to increase the
efficacy o f both grasses and broadleaf weeds in tomato (Singh et a l., 1984; W ells et
a l., 1985; Brathwaite, 1986; Johnson & Hopen, 1984; Hilton & M inotti, 1983).
Sequential treatm ents o f trifluralin, m etolachlor, napropam ide, and pendim ethalin
preem ergence

and

sethoxydim ,

fluazifop-butyl, and

quizalofop postem ergence

provided excellent weed control with crop safety and subsequent increases in tom atillo
yield.
In general, when an herbicide is applied for selective weed control in crops the
objective is to find the best com bination o f a relatively susceptible stage o f weed
growth and a relatively tolerant stage o f crop growth. In these weed control studies
conducted over 3 years, full season control o f many grass and broadleaf weeds was
obtained with sequential treatm ents o f m etolachlor, trifluralin, napropam ide, or
pendim ethalin preem ergence followed by sethoxydim, fluazifop-butyl, or quizalofop
postem ergence without reducing tomatillo yields. Further studies should be conducted
to refine rates and times o f application which may provide season-long control in
tomatillo.
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CHAPTER 4
EFFECTS O F PLANTING DATES, NITRO GEN FERTILIZATIO N,
AND M ULCH ING ON YIELD IN TOM ATILLO
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INTRO DUCTIO N
Tom atillo, a self-incom patible species, is an im portant vegetable crop in
M exico, with over 11,000 ha planted. Small plantings are also grown in the w arm er
areas o f California (M yers, 1991). Com m ercial cropping has been successful along
the central and south coasts o f California, as well as in the low deserts and the Central
Valley. H ow ever, due to the lim ited research on breeding and cultural practices with
this crop, yield in C alifornia varied considerably from 1,500 to 11,000 kg/ha. Plant
density and spacing also varied among grow ers who attempted to im prove the
tomatillo yield by their own cultivar selections. They also preferred direct seeding
to transplanting, which was only used to fill in stands.
Cultivation o f tom atillo is tricky because o f its wide range o f genetic variability
(plant habit, leaf shape, fruit size and shape, and yield) due to its breeding system,
which insures outcrossing via self-incom patibility (Quiros, 1984). The spectrum of
self-incom patible phenotypes observed upon self-pollination included plants totally
self-incom patible, to plants with parthenogenic fruit, or with various degrees o f self
incom patibility subject to low seed production and germ ination (Pandey, 1957; Quiros,
1977, 1984).
In M exico, tomatillo is produced at elevations over 800 m w here clim ate
corresponds to cool weather seasons in Louisiana due to its higher latitudes (M osinoAleman et a l., 1974).

However, virus diseases (Physalis m ottle virus, cucum ber

mosaic virus, tomato spotted wilt virus), pests (H . zea, P. latus), variability o f some
im portant agronom ic traits, and high tem perature during the flow ering and fruit setting
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periods w ere found to be the major constraints to tomatillo production in Louisiana
(Can et a l., 1992; Valverde et al., 1993).
The investigations reported here w ere conducted to determ ine planting dates
leading to adequate tom atillo production under Louisiana planting conditions, to
determ ine yield response to nitrogen fertilization, and to increase tom atillo yield
through im proved cultural practices by using reflective mulch to reduce both insect
vector populations and the incidence o f virus diseases.
M A T E R IA L S AND M E T H O D S
Influence of p lan tin g dates on to m atillo yields. Seeds o f the tom ato cultivar
Celebrity and the tomatillo cultivars Puebla Verde, Rendidora, and G uanajuato were
provided by Peto Seed Inc. o f Saticoy, California, for use in field trials.

Seeds of

these cultivars were sown directly into Jiffy Mix® pots in flats and thinned to one
seedling/pot about 10 days after emergence.

Three- or 4-w eek old seedlings were

transplanted to the horticulture plots o f the LSU Horticultural Farm in Baton Rouge
on the following dates:

1990 (May 26, Aug. 1, Sept. 1), 1991 (May 29, June 23,

July 15, Aug. 18, Sept. 1) and 1992 (M arch 20, Aug. 20).
Plots o f 0.60 m x 9 m were arranged in a random ized com plete block (RCB)
design with four replicates o f each cultivar on each planting date. Plots consisted of
20 plants set in a single row on 0.45-m centers with a 1.20-m spacing between rows.
Fertilization was a preplant application o f 448 kg/ha o f 58-58-58 (N-P20 5-K20 ) with
an additional 224 kg/ha of Ammonium nitrate.

Trifluralin 4 EC at 1.75 1/ha was

incorporated thoroughly into the top two inches o f the soil prior to transplanting for
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weed control in 1990, while m etolachlor 8 EC was applied at 2.34 1/ha in the 1991
and 1992 grow ing seasons.

Sethoxydim 1.5 EC (1.75 1/ha) and G ram oxone Super

(2.92 1/ha) applications and additional hoeing were used to ensure efficient
postem ergence weed control.

Perm ethrin 2 EC (0.73 1/ha) was applied to 1991 and

1992 plots for the control o f tomato fruitw orm . The 1990 plots were left untreated
to study the level o f dam age caused by this pest.
Yield response of tom atillo cultivars to nitrogen fertilizer.

Field studies

were conducted on the same location with transplanting on M ay 26 and June 16 o f
1990, and M arch 21 and August 20 o f 1992. A split plot design was employed with
nitrogen treatm ents ranging from 58 to 260 kg o f nitrogen per hectare as main plots.
Subplots 0.60x9 m were composed of 20 plants each o f 3 cultivars:

Puebla Verde,

Rendidora, and Guanajuato. Four hundred forty-eight kg o f 58-58-58 (N-P20 5-K20 )
per hectare were applied after plowing as preplant fertilizer and disced in before rows
were prepared.

Ammonium nitrate was used as the nitrogen source for the side

application in all experim ents reported here. The nitrogen treatm ents employed were
as follows: 58, 108, 159, 209, and 260 kg o f amm onium nitrate per hectare. Weed
and pest control measures w ere the same as in the previous study. M ature fruits were
harvested weekly starting about 6-7 weeks after transplanting and recorded for the
total weight o f fruits.

Fruits damaged by tomato fruitw orm feeding were only

recorded from the 1990 trial plots.
Effects of m ulching on tom atillo yield.

Tom atillo cv. Puebla V erde was

planted in seedling trays containing a com m ercial potting m ixture (Jiffy-Mix®) in the
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glasshouse.

Four-w eek-old seedlings were used for the spring transplanting (M arch

18, 1993) while 3-week-old seedlings were transplanted on August 15, 1993 for the
fall crop, into the horticultural plots on the LSU-AC Burden Research Plantation Farm
in Baton Rouge.
Plots 0.60x9 m were arranged in a randomized com plete block (RCB) design
with four replications for each of the following six treatm ents on each planting date:
aluminum painted plastic mulch, aluminum painted plastic mulch + insecticide, black
plastic mulch, black plastic m ulch-Finsecticide, bare ground, bare ground + insecticide.
Plots consisted o f 20 plants transplanted in a single row on 0.45-m centers. A buffer
row was used to separate the plots with treatments to facilitate the insecticide
application and fruit harvest.
Fertilization consisted o f 448 kg of 58-58-58 (N-P20 ,-K 20 ) per hectare that
was broadcast and incorporated to a depth o f about 30 cm before planting. Additional
ammonium nitrate fertilizer was applied at the rate o f 1 tablespoon/plant about 3
weeks after transplanting. M etolachlor 8 EC was applied at the rate o f 2.34 1/ha on
the bare ground plots for preem ergence weed control. Preplant treatm ent with TerrO-gas (67% methyl bromide + 33% chloropicrin) at 120 kg/ha was used only in the
mulched plots for cutworm control in the spring. Gram oxone Super at 2.92 1/ha was
applied as a postdirected spray between rows for postem ergence weed control.
Perm ethrin 2 EC (0.73 1/ha) was applied weekly on the insecticide treated plots
starting with the initiation o f flow er buds.

Kelthane 35 W P was also applied at the

rate o f 1 tsp/3.8 1 for the control o f broad mite (P. latus). This m ite has becom e a
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serious problem in solanaceous crops (tomato, pepper) in the hot dry w eather
conditions in Louisiana since 1992.
RESULTS
Effects of planting dates on tom atillo yield. The yield responses o f both
tom atillo and tomato cultivars to planting dates are shown in Table 4.1. Like its close
relative, tom ato, all three tom atillo cultivars had low yields when they were
transplanted in M ay, June, July, and early August. The lowest yield occurred with
the G uanajuato cultivar.

In addition, tomato fruitw orm incidence increased as the

season progressed, with the peak occurring from July to Septem ber (Table 4.2).
W ithout appropriate insect control, the mean weight o f damaged fruits reached 23%
in the sum m er o f 1990.

Damage from virus diseases, which are insect-transm itted,

was also most severe during this period, resulting in uniform yellowing o f the plants,
which was often seen in the Guanajuato cultivar.
With the exception o f the early frost on Novem ber 3, 1991, causing both fruit
abortion and dam age of the im m ature fruits of late planted tom atillo, the highest yields
were observed in both tomato and tomatillo planted in late M arch or late August.
Transplanting in early Septem ber increased the risk o f dam age from unexpected early
frosts in Novem ber.
Yield response of tom atillo cultivars to additional nitrogen fertilization.
Yield responses o f the Puebla V erde, Rendidora, and Guanajuato cultivars to different
nitrogen fertilizer rates are shown in Tables 4.3 and 4.4. There was a significant 3way interaction between cultivar x planting date x nitrogen rate. The higher yield
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Table 4.1. Effect o f planting date on tom atillo yield.
Yield (kg/ha)
Planting
Date

Tom atillo
---------------------------------------------------------------------R endidora

Puebla V erde

G uanajuato

Tomato
-----------------Celebrity

3/15/92

13,279

a1

11,525

b

11,060

b

47,754

a

5/26/90

5,647

ef

7,635

d

1,617

j

30,718

d

5/29/91

5,415

f

6,788

d

2,302

i

29,067

d

6/23/91

5,825

ef

6,693

d

2,621

h

30,477

d

7/15/91

6,494

e

6,883

d

4,054

g

29,843

d

8/01/90

5,806

ef

5,337

e

4,449

f

31,315

d

8/18/91

9,626

c

11,048

b

7,262

d

44,431

b

8/20/92

13,535

a

12,631

a

11,518

a

48,874

a

9/01/90

12,165

b

12,824

a

10,466

c

47,060

ab

8,154

d

8,697

c

5,583

e

41,320

c

9 /0 1 /9 12

M eans followed by the same letter do not signficantly differ at P = 0 .0 5 ,
using D uncan’s m ultiple range test.
Early frost on N ovem ber 3, 1991.

Table 4.2. Influence o f planting date on the incidence o f fruitworm (Helicoverpa zed) damage in tomatillo.
R e n d id o ra
D ate

Total
W eight
(kg/ha)

Puebla V erde

Damaged
Fruit
(kg/ha)

Total
W eight
(kg/ha)

G u a n a ju a to

Damaged
Fruit
(kg/ha)

Total
Weight
(kg/ha)

C elebrity

Damaged
Fruit
(kg/ha)

Total
W eight
(kg/ha)

Damaged
Fruit
(kg/ha)

5/26/90

5,647

1,289

b1

7,635

1,677

b

1,617

370

c

30,718

7,035

ab

8/01/90

5,806

1,336

b

5,337

1,253

c

4,445

965

b

31,315

6,591

b

9/01/90

12,165

1,996

a

12,824

2,399

a

10,466

1,855

a

47,060

7,757

a

’ Means followed by the same letter do not significantly differ at P = 0 .0 5 using D uncan’s multiple range test.

Table 4.3. Yield response o f tomatillo cultivars to nitrogen fertilizer - 1991 tests.
Y ield (k g/h a), M arch 2 0 , 1991
N itrogen
(kg/ha)

Guanajuato

Puebla Verde

Rendidora

Y ield (k g/h a), June 20 , 1991

Guanajuato Puebla Verde

Rendidora

Y ield (k g/h a), A ugust 2 6 , 1991

Guanajuato

Puebla Verde

Rendidora

58

1 0 ,8 0 6 b 1

1 l,8 3 9 a b

12,126b

2 ,8 8 3 a

6 ,1 1 9 b

6,525 a

6 ,7 7 8 a

8,782cd

8 ,3 6 2 a

108

ll,1 6 9 a b

11,608b

11,919b

2 ,7 8 1 a

6 ,6 1 2 a

6 ,7 7 4 a

6,453 a

8 ,6 3 4 d

8 ,5 1 4 a

158

11,520a

1 2 ,1 19ab

1 2 ,813a

3,093 a

6 ,3 0 7 ab

6 ,0 8 8 b

6 ,8 8 7 a

9,1 6 7 b c

8 ,2 3 8 a

209

10,937 ab

1 l,6 7 6 a b

13,177a

2 ,6 4 2 a

6 ,7 6 7 ab

6 ,6 5 7 a

6 ,299 a

9 ,7 3 3 a

8 ,2 4 0 a

260

10,780b

12,244a

1 2,911a

2,543 a

6 ,4 1 2 a

6,4 1 3 a b

6 ,3 8 6 a

9,249 b

8 ,4 9 1 a

1 Means follow ed by the same letter do not significantly differ at P = 0 .0 5 using Duncan's multiple range test.

Table 4.4. Yield response o f tomatillo cultivars to nitrogen fertilizer - 1992 tests.
Yield (kg/ha), M arch 21, 1992
Nitrogen
(kg/ha)

Guanajuato

Puebla Verde

Yield (kg/ha), August 20, 1992

Rendidora

Guanajuato

Puebla Verde

Rendidora

58

10,604

b1

11,594

be

11,968

c

10,955

be

11,854

b

12,231

c

108

10,870

b

11,341

c

12,961

ab

10,643

c

12,180

ab

12,641

be

158

10,732

b

12,401

a

12,649

b

11,372

ab

11,706

b

13,409

a

209

11,387

a

11,934

b

13,429

a

11,661

a

12,853

a

13,055

ab

260

10,836

b

11,675

be

12,863

ab

11,059

be

12,350

ab

13,624

a

1 Means followed by the same letter do not significantly differ at P = 0 .0 5 using D uncan’s multiple range test.
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patterns w ere observed among all three cultivars grown in the spring (1991, 1992) and
fall (1992) when fruit setting was enhanced by cool weather conditions.

In each

cultivar, the highest yield increases corresponded with the 159, 209, and 260 kg/ha
topdressings o f nitrogen over the base 58 kg/ha. How ever, there was less difference
in yield am ong the three rates as well as between the control and
nitrogen.

At

all

five planting

dates,

cultivars

w ere

108 kg/ha o f

ranked by

yield

as

Rendidora > Puebla Verde > Guanajuato. A significant yield reduction occurred in all
three cultivars when grown in the summer. The Guanajuato cultivar was m ore heat
sensitive than the other cultivars.

Transplanting in late August (1991) o r early

Septem ber increased the risk o f early frost (N ovem ber 3, 1991), causing both fruit
abortion and dam age to im m ature fruit.
E ffects of m ulching on tom atillo yield.

Yield response o f tom atillo to

mulching is shown in Figure 4.1. In the spring planting, tom atillo plants grown with
alum inum painted plastic mulch yielded higher than those grown with black plastic
mulch or no mulch.

Highest yields resulted from the insecticide application to the

alum inum mulch plots during the flowering period, when the effects o f reflective
mulch were reduced
in the fall planting.

by the dense canopy o f tomatillo.
Field observations indicated that

The same trend was observed
the insect vector populations

w ere low er in the alum inum mulched plots than in nontreated black plastic mulched
and bare ground plots.
In black plastic mulched plots with or without insecticide treatm ent, tomatillo
yield in the fall planting was significantly lower than in the spring. Like its close

YIELD (kg/ha)
18000 —i
Spring 1993
16000
Fall 1993
14000-

12000 10000 800060004000-

2000

-

Aluminum mulch
+ insecticide 1

Aluminum
mulch 1

Black plastic
mulch
+ insecticide 2

Black plastic
m ulch 3

Insecticide
o n ly 3

Nontreated
control3

TREATM ENT
Figure 4.1. Influence o f mulching on the seasonal yield of tomatillo in 1 9 9 3 .1 Significant contrast at
P<0.05,2significant contrast at P < 0 .0 1 ,3 nonsignificant contrast at P<0.05.
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relative, tom ato, fruit set in tom atillo was highly influenced by tem perature.

Yield

data from tom atillo experim ental plots in three consecutive grow ing seasons (19911993) indicated that both tomato and tomatillo had poorer fruit set due to the high
daytim e and nighttim e tem peratures during the flow ering period. Heat absorption by
the black plastic mulch may cause other adverse effects on the physiological
developm ent o f tomatillo plants, thereby resulting in poor fruit set.
D ISC U SSIO N
Vegetable production in Louisiana has been traditionally oriented toward spring
and fall cropping sequences because o f climatic conditions and wholesale market
"windows".

Much of the vegetable research has been carried out in that reference

tim e. Young (1961, 1962) reported that for warm season vegetables, spring plantings
were made as soon as the danger o f frost was over and land could be prepared. Fall
crops were planted in late summ er so that harvest would occur before the first killing
frost in Novem ber. Sim ilar studies using the spring-fall cropping sequences have been
reported in tomato by Bryan (1966), Halsey (1975), and Hanna & Hernandez (1982).
The data presented here indicated that tomatillos appear to respond to planting
dates in a m anner sim ilar to tomato and pepper (Halsey, 1975). The high tomatillo
fruit set under cool weather conditions suggested that maximum yields o f the three
cultivars tested were obtained when tomatillo was transplanted from m id-M arch
through April or late in August (Can et a l., 1992). With the exception o f a late frost
on D ecem ber 10, 1990, transplanting in early Septem ber increased the risk o f dam age
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from early frosts in N ovem ber.

Yield increases corresponded with cool w eather

during the flow ering and fruiting periods (May and October).
Yield reduction with both tom ato and tom atillo cultivars in the sum m er
appeared to be due to high day and night tem peratures that im paired the fruit set
(Lewis, 1953; Levy et al. 1978).

In addition, this was the period when a high

incidence o f tomato fruitw orm and virus-transm itting flea beetles also occurred along
with other comm on pests, such as banded cucum ber beetles, leaffooted bugs, and
southern green stinkbugs.

The effect o f high tem perature on flow er drop has been

reported in tom ato when grown during hot humid sum m ers (Raspinner, 1932; Sm ith,
1932, Leopold & Scott, 1952; Saito & Ito, 1967).

Flow er drop in tom ato is

essentially the result o f a lack of fertilization which, in turn, is affected by a num ber
o f factors.

Under high tem peratures, gam etogenesis is disturbed in tom ato, gam ete

viability is reduced (Iw ahori, 1965, 1966) and less pollen is produced in the flow er
(Abdalla & V erkerk, 1968).

High tem peratures can also affect the germ ination and

elongation o f the tomato pollen tube in the style and thus inhibit fertilization (Smith,
1935; Lewis, 1953; Iwahori, 1967). The comm only accepted explanation for reduced
yields with tom atillo was that it was due to pollen abortion at high day and night
tem peratures that enhanced self-incom patibility and also reduced the success o f cross
pollination (Lipton, 1970; Q uiros, 1977).

In the sum m er, high fruit setting was

observed in certain single tomatillo plants.

This suggests that attem pts should be

made to select a genotype in which there is normal endothecium developm ent at high
tem peratures.

H ow ever, the production o f potential heat-tolerant cultivars is still
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ham pered by the high infestation o f both tomato fruitw orm and potato flea beetles that
transm it PhyM V .

Field evaluation o f insecticides for the control o f m ajor insects

during sum m er plantings indicated that, despite the adequate insect control, yields
were still low. High tem perature during the flowering period has been considered the
main lim iting factor for high yields in tomatillo (Abdalla et a l., 1968).
To date, there is no w ork published dealing with the relationship between rates
o f nitrogen application and flow er formation and fruit set o f field-grown tomatillos.
The results reported here clearly show that the effects o f different nitrogen rates on
tom atillo yield were not consistent among the three cultivars and at the different
planting dates.

Doss and his coworkers (1981) also reported that the effect of

nitrogen rate on marketable tomato yield was not consistent among years.

Average

yields from the lowest nitrogen rate were greater than from the highest nitrogen rate
in the driest years and were sim ilar or higher than the highest nitrogen rate in the year
with a higher average rainfall.

It appeared that the lowest nitrogen rate used (58

kg/ha) was adequate, especially when moisture was limited. Broadbent et al. (1980)
also dem onstrated that processing tomatoes in California typically did not require
heavy application o f nitrogen to attain maximum yields, presum ably because they were
able to efficiently use available soil nitrogen.

Fisher (1969) also pointed out that

tom ato plants grew faster initially and were harvested earlier in response to high
nitrogen applied prior to the initiation o f the first truss ( = inflorescence); but, there
were no differences in yields o f either the earlier harvest or the final harvest.
Investigations conducted by Garrison et al. (1967) have indicated that high rates of
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nitrogen fertilizers did not contribute to decreasing flow ering, fruit set, or yield of
field-grown tomatoes when the other environm ent conditions w ere favorable for fruit
set (Raspinner, 1932; W ittw er, 1957; Saito & Ito, 1967). The reduction o f fruit set
o f the three tom atillo cultivars during the sum m er o f 1991, when they received high
nitrogen fertilizer rates, may have been due to high tem peratures rather than excess
nitrogen.
Despite the favorable weather conditions in spring and fall, tomatillo
production in Louisiana was still impaired by the virus infection resulting from vector
m igration in mid-M ay and late Septem ber to early October. The use o f alum inum painted plastic mulch greatly increased tomatillo yield by about 70-90% as compared
to the nontreated bare ground plantings. This treatm ent apparently repelled insects,
thereby reducing the incidence of virus transmission.

The yield was m ore than

doubled if additional insecticidal applications were used during the fruit setting period
for controlling fruitw orm s and virus vectors since the dense canopy o f m ature
tom atillo greatly reduced the repellent alum inum mulch effects according to research
with other solanaceous crops (Nawrocka et al., 1975; Schalk et al., 1979; W ien et al.,
1988; Greenough et al., 1990).

Soil tem perature was also found low er under the

reflective alum inum mulch than under black plastic, thus enhancing m ore uniform
plant developm ent and fruit setting in tomato and pepper (Black & Rolston, 1972;
Rudich, 1979). H ow ever, tomatillo fruit set was reduced when tom atillo was grown
with black plastic mulch in the spring and fall seasons.

Heat absorption by black

plastic might create a significant fluctuation of soil tem perature causing m ore flower
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drop and adverse effects on root developm ent. This was not studied.

Phatak et al.

(1965) dem onstrated that root tem peratures influenced the num ber o f tomato flowers
in the first inflorescence. T here w ere significantly m ore flow er on plants with roots
exposed to 50-55°F as com pared to those at 60-70°F.

Experim ents conducted by

Iwahori (1965, 1966) have also indicated that tomato fruit set was reduced when the
flow er buds were exposed to high tem peratures 5-9 days before anthesis and 1-3 days
after anthesis.

Such situations often occurred in the hot dry days in April and

Septem ber for field-grown tomatillos.
W ater percolation through the root zone was also reduced by the plastic mulch,
thereby reducing fertilizer loss though leaching and the dam aging effects o f heavy rain
or overhead irrigation as observed in tomato (Rudich, 1979). Due to the sprawling
tom atillo habit, the plastic mulch also aided in weed control as weeds w ere im portant
virus and vector reservoirs for o f a num ber o f diseases o f econom ically im portant
crops (Tomlinson et a l., 1970; Cho et al., 1986; Hobbs et al., 1993).

Association

between vector and virus source plants and subsequent m ovem ent to other susceptible
plants is essential for transmission o f plant virus diseases by insects (W olfenbarger &
M ooree, 1968; W atson & Plum b, 1971; Can et al., 1994). On the reflective mulch,
tom atillo fruit could properly develop and were cleaner and less damaged by fruit
rotting than those on bare ground, thus facilitating the potential use o f a tomato
harvester (Can et a l., 1992).
In South Louisiana, farm ers are used to growing straw berries and bell peppers
on plastic mulch.

Straw berry harvest is usually com pleted between February and
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M arch, and bell pepper harvest is completed in the month o f July (Black & Rolston,
1972). As the black plastic already in place is usually still in good condition after the
straw berry and bell pepper crops, it might be alum inum -painted and m aintained in
place for a second tomatillo crop, thus facilitating continued m anagem ent o f the land.
Tom atillo is attacked by a diversity o f insects and disease pests which are
capable o f causing devastating crop losses. A better understanding o f the com plex o f
disease and insect pests affecting the crop throughout the production season will help
to reduce the potential intensive use o f pesticides and develop a m eaningful pest
m anagement program .
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Tom atillo pest m anagement is still in its infancy; it is a "living docum ent" that
changes as we acquire experience and inform ation (Flint & van den Bosch, 1981;
Flint et a l., 1988). The following pest m anagement techniques need to be developed
for managing tom atillo diseases and pests in Louisiana: identification o f m ajor pests
and pathogens, optim izing pest sampling and prediction m ethods, developm ent o f
econom ic thresholds and injury levels, determ ining the role o f natural enem ies and
understanding their m anipulation for suppression o f pest populations, determ ining the
im pact o f pesticides on natural enemies, developing techniques for m anipulation o f
insect vector populations through cultural practices, and developm ent o f ecologically
selective pesticide controls that are com patible with the lim itations o f the agricultural
system in which tomatillo is grown (Aliniazee & Oatman, 1979; Apple, 1977; Bishop
et a l., 1979; Gibbs et a l., 1986; Heathcote et a l., 1969).
Identification o f m ajor pathogens and pests. Results from dsRNA analysis
and serological tests on samples from diseased tom atillos indicated the presence o f
three m ajor viruses: Physalis mosaic virus (PhyM V ), cucum ber mosaic virus (CM V)
and tomato spotted wilt virus (TSW V).

Fruit rotting caused by R. solani and other

soil borne pathogens often occurred when the fruit remained on the soil for a long
period o f tim e. The 3-year field survey o f seasonal developm ent o f insect populations
indicated the key or prim ary insect pests of tom atillo were flea beetles, aphids, and
thrips; which were found as vectors o f PhyM V, C M V , and TSW V , respectively, and
tom ato fruitw orm which caused direct loss during the flow ering and fruit setting stages
o f tom atillo developm ent.

Secondary pests included the banded cucum ber beetle,

127
leafhoppers, arm yw orm s, cutw orm s, leaffooted bugs, the southern green stink bug,
and broad mites.
Study o f the population dynam ics o f the insect vectors. M anagem ent o f the
tom atillo crop is som ew hat challenging due to the pathogen and pest com plex in which
the severity o f each virus disease depends on the population dynam ic o f each insect
vector throughout the grow ing season (Plumb & Thresh, 1983). Tom atillo production
in Louisiana was highest in the spring and fall (Can et a l., 1992).

H ow ever, the

favorable w eather conditions associated with high yields were incidentally associated
with the high incidence o f virus vectors during the flow ering periods (M ay and
O ctober), therefore favoring the transmission o f virus diseases. Field observations o f
the virus symptom s on tom atillo showed some correlation between the severity o f
virus disease and the occurrence o f insect vectors. Serological tests (Ouchterlony and
ELISA) and dsRNA analysis indicated that the high incidence periods o f CM V and
TSW V w ere significantly correlated with high populations o f aphids and thrips
occurring in May and October.

The western flow er thrip (F. occidentalis) was

perhaps the newest pest to production in Louisiana.

Flow er feeding and damage

occurred in May and O ctober, with thrip populations reaching 10-15 larvae per
flow er.

The low incidence o f PhyM V in the spring was a reflection o f the late

occurrence o f flea beetles in the field.

They began to appear in May and the

population peaked in late Septem ber-early October, thus causing a high incidence of
PhyM V (Figure 5.1).
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Tom ato fruitw orm (H. zed) damaged all stages o f developing tom atillo fruit.
A fter larvae penetrated the husk and were inside the berry, they w ere very difficult
to reach with insecticides and had tim e to grow and destroy the fruit.

Severe

infestations o f tom ato fruitw orm often occurred from late spring to late sum m er.
H ow ever, the insect population varied from year to year, depending on the climatic
conditions and on the presence o f other susceptible host crops grow n nearby (Lange
& Bronson, 1981).
Broad mite (P. latus) was an occasional pest that could becom e a major
problem for tom atillo transplants.

Its outbreaks occurred during periods o f dry

weather. Tw o m iticide applications (Dicofol, Vendex) w ere required for control.
Econom ic injury thresholds for key pests. In spite o f considerable research
effort over the 3-year period, reliable economic thresholds were not established for
the m ajor pests o f tom atillo.

Nevertheless, much progress was made based on

m onitoring the seasonal developm ent o f insect vectors o f im portant viruses through
w ater pan traps and direct sam pling o f vectors and through field scouting for tomato
fruitw orm . Additional inform ation on effects o f clim ate and w eather on developm ent
o f vector populations would be very helpful in forecasting outbreaks o f the vectors and
insect pests.
The interactions am ong tom atillo, viruses, and insect vectors, as in other
crops, are com plex and greatly affected by environm ental conditions (H arrison, 1981).
W eather is an im portant m odifying factor affecting the prevalence o f viruses whose
distribution is mainly determ ined by climate and type of plant com m unity (W atson et

130
al. 1975; Zitter, 1977). It has many effects, including the am ount o f virus replication
in source plants, susceptibility o f healthy plants to infection, effects on vector
reproduction, and effects on the prevalence o f parasites and predators o f insect
vectors.

H ow ever, the most im portant climatic and weather effects are on vector

activity.

For flea beetles, warm weather conditions were most favorable for

population increases, whereas, for aphids and thrips, the crucial factors in other crops
are known to be tem perature, wind speed and direction, and the degree o f air
turbulence. So, the success o f attempts to forecast the am ount o f virus spread depends
in large measure on the extent to which such factors can be assessed in advance,
especially for m igrating aphids and thrips.

W eather forecasting is helpful in

assessing, during April or Septem ber, the risk o f CM V o r TSW V outbreaks and the
probable need for preventive insecticide treatm ents; but it does not define when
spraying is needed.
Host p lan t resista n c e . At present, the best means o f controlling virus diseases
is by varietal resistance (Hill et al., 1969; Adkisson & D yck, 1980). Unfortunately,
resistance to the m ajor tom atillo viruses is not available at this tim e. How ever, single
plant selections were made among the Guanajuato, Puebla Verde, and Rendidora
cultivars during the 1991 and 1992 growing seasons.

Seeds from individual plants

that appeared to be virus-resistant, high-yielding, and heat-tolerant were collected and
saved for future breeding program s. Breeding for m ultiple resistance in plants is often
a difficult task for the plant breeder to achieve (Pirone & H arrison, 1977). It would
appear that one o f the best approaches to controlling virus diseases in tom atillo would
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be to develop methods for preventing viruliferous insect vectors from entering the
crop or for preventing those that do enter the crop from transm itting the viruses that
they carry.
C o n tro l o f virus vectors in to m a tillo . The use o f insecticides is an im portant
com ponent o f the pest m anagement program in tom atillo. Insecticides are im portant
for the quick effect they have in reducing the pest population, the broad range o f their
impact (one insecticide may kill several pest species), and because they are relatively
cheap and easy to buy, store, and apply.
control o f m ajor tomatillo

Field evaluation o f insecticides for the

insects indicated that all eight insecticides tested

significantly decreased insect damage.

H ow ever, none o f the insecticides tested,

perm ethrin 2EC , esfenvalerate XL, cyperm ethrin 3EC , cyfluthrin 2E, endosufan 2EC ,
azinphos-m ethyl 2EC, methomyl 1.8EC, and carbaryl 1.9L, is labeled for use on
tom atillo at this time. These insecticides are labeled for use on tom ato and this will
make them easier to register through IR-4.
The most effective way to reduce virus spread in tom atillo is through
preventive measures.

As in other crops, maintaining low vector populations is

possible through good cultural practices and through the judicious use o f insecticides
(M oyers & Larren, 1991; Broadbent, 1969; M aelzer, 1986; M aram orosch & H arris,
1981).
Eggs or small larvae o f tomato fruitw orm near the top o f the tom atillo canopy
are the most vulnerable to insecticides. Conversely, larger larvae low er in the canopy
are m ore difficult to control unless the entire plant is thoroughly sprayed and
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surfactants are added to the insecticides. Pyrethroid insecticides are likely to be more
effective than the organophosphates and carbam ates; however, the alternate use o f
these insecticides should be used to avoid developing pesticide resistance among the
tom atillo pests. Proper timing during late evening or early m orning provides relative
safety to pollinators (bumble bees, honey bees) against short-residual insecticides
(Johansen, 1977).
The weed control com ponent o f pest m anagem ent in tom atillo.

For

controlling plant virus diseases, there is perhaps no phase o f virology m ore im portant
than epidem iology.

The role o f weeds in the occurrence and spread o f plant virus

diseases is an integral part o f the ecological aspect o f virus transmission (Duffus,
1971; Tom linson et a l., 1970; Thresh, 1981; Knott, 1990). With the wide host ranges
o f CM V and TSW V , and the annual occurrence o f Physalis weed species along with
the production o f solanaceous vegetables susceptible to PhyM V , weeds may serve as
reservoirs o f both viruses and virus vectors.

Under these conditions, virus spread

may be very severe. The im portance o f weeds in the disease cycle o f tomatillo virus
diseases transmitted by insects indicates that, as with other vegetable crops, weed
control would probably be at least as effective as chemical control o f vectors. W eeds
are also im portant prim ary causes o f yield loss in tom atillo.

An effective weed

control program in tom atillo must consider the species o f weeds that may becom e a
problem . It is important to know what the target weeds are before planting the crop.
This inform ation can be obtained from weed surveys conducted during the previous
year(s).

One o f the best w ays o f improving the cost-effectiveness o f herbicides in
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tom atillo is to maintain a steady flow o f safer and m ore precisely targeted herbicide
recom m endations (Cussans, 1988; Lawson, 1988).
Results from greenhouse and field studies on the tolerance o f tom atillo to preand post em ergence herbicides showed that tomatillo was very tolerant to trifluralin,
napropam ide, pendim ethalin, and m etolachlor.

Fluazifop-butyl, sethoxydim , and

quizalofop were the most satisfactory postem ergence herbicides for transplanted
tom atillo. H ow ever, no single herbicide was found that would selectively control all
o f the weeds that infest tom atillo fields.

So, the choice o f herbicides will depend

largely on the weed species to be controlled, and also soil type, irrigation methods,
crop rotation, environm ental conditions, and the equipm ent available for herbicide
applications (Kavanagh, 1974; Bouchet, 1988). Tw o basic strategies are available for
using herbicides in tomatillo.

The first strategy is the use o f a herbicide that will

selectively kill weeds without harm ing the crop.

The second strategy is the use o f

non-selective herbicides (gram oxone, glyphosate) w here the crop is protected by
adjusting the timing and methods o f application.

Selective herbicides allow more

flexibility in application, but the prolonged use o f specific herbicides in the same field
may allow the build up o f tolerant weeds.
The use o f herbicide combinations and sequential application o f herbicides can
result in long-season weed control in tomatillo. A weed m anagement program might
include a preplant herbicide, a postem ergence herbicide treatm ent, and cultivation
combined with hand hoeing.

An alternative program would be plastic mulching

followed by a nonselective herbicide application between rows. H ow ever, no single
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weed control practice will provide perfect weed control in tom atillo crops. So, weed
control program s that integrate several methods are essential. It is necessary to know
weed biology, herbicide application techniques and equipm ent, cultural practices, and
crop m anagement techniques (Jonkers, 1988; W illiam s, 1981; W ay & Cam m el, 1981).
In field selection, one must also consider the residual properties o f herbicides
that may have been used in previous crops other than tomatillo. Small quantities o f
certain herbicides (m etribuzin, clom azone, acifluorfen, im azethapyr, fomesafen) used
in another crop, such as soybean, cotton, or tomatoes may rem ain in the soil and
adversely affect the growth o f tom atillo seedlings. Also, fields infested with perennial
weeds and annual weeds tolerant to available selective herbicides should be avoided.
C u ltu ra l p ra c tic e s. Tom atillo does not thrive in cold w eather and will not set
fruit at tem peratures below 5 8 °F .

They are best started as transplants and planted

after the last frost in the spring. The hot, dry sum m er in Louisiana is not favorable
for planting tomatillo since high day and night tem peratures during the flowering
period greatly im pairs fruit set.

The fall-planting of tom atillo should be started by

m id-August in order to avoid the early frost in N ovem ber. Tom atillos grown in the
field from transplants require 14 or 20 days less from planting to harvest than
tom atillos that were direct-seeded, thus avoiding heavy infestations o f aphids, thrips,
and tom ato fruitw orm in M ay and the peak infestations o f flea beetles in late
Septem ber and early O ctober (Figure 1.6). M aintenance o f vigorous tom atillo plants
through regular fertilization and irrigation will help the crop to m aintain a dense
canopy, thus com peting better with late-season weeds.
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Plants showing unusual growth habits such as stunting, leaf distortion, or vein
banding, should be rogued because these plants may be infected with a virus which
can be transmitted to healthy tom atillo plants. Removal o f perennial weed hosts, with
special attention to those belonging to the Solanaceae, should help to reduce
overw intering virus. In addition, removal and destruction o f plant material remaining
after harvest should be a comm on cultural practice (Palti, 1981; Zitter & Simon,
1980).
Crop rotation can reduce some weed problem s in tomatillo. C rops useful for
rotation with tomatillo include rice, cotton, cereal crops, onions, cucurbits, and
sugarbeets. Crops closely related to tom atillo, such as tom ato, potato, and peppers,
do not provide an effective rotation, as the cultural practices and herbicides used for
these crops are sim ilar to those used in tomatillo.
The preparation o f a good seedbed free o f clods and excessive residues from
the previous crop also facilitates several weed control procedures and prom ote rapid
grow th o f tomatillo.

V igorous tomatillo seedlings or transplants com pete more

favorably with weeds than slow -growing plants.

M oreover, the perform ance of

preem ergence and preplant soil incorporated herbicides is enhanced by good seedbed
preparation. Cultivation perform ed for weed control after em ergence o f the tomatillo
crop is also more effective and less detrim ental to tom atillo with good seedbeds.
Cultivation for weed control in tomatillo (30 cm high) can be used alone, but
is m ore widely used in conjunction with herbicides. Herbicides may be band applied
in plant rows and cultivation used between rows.

The crop can be directly
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transplanted to good seedbeds that are then cultivated between rows 2 weeks later.
Cultivation is m ore effective for the control o f annual weeds than for perennial weeds.
Cultivation is most effective when the weed seedlings are sm all, in the three to fourleaf stage.

At this tim e, they have had minimal tim e to com pete with the crop, and

they can be rem oved with little crop damage. A postem ergence herbicide treatm ent
should be applied 2 weeks following cultivation.

Experience with field-grow n

tom atillo indicates that the crop could be directly transplanted into good seedbeds.
Cultivation and side-dressing o f additional nitrogen can be done 14-18 days following
transplanting.

Then a single application o f m etolachlor or a com bination of

m etolachlor+ sethoxydim (fluazifop-butyl, or quizalofop) can be made 2 weeks later,
thereby reducing the num ber o f applications, operation costs, and ensuring good
control o f late-season grasses and broadleaf weeds.

Future use o f these and other

pesticides studied is dependent on their registration for use in tomatillo.
Despite the use o f planting dates favorable for high yields in the spring and
fall, tom atillo production in Louisiana is still im paired by the vagaries o f rainfall and
tem perature and by virus vector imm igration into the crop.

The use o f alum inum -

painted plastic mulch increased tomatillo yields by about 70-90% , when com pared to
nontreated plots.

This treatm ent repelled insects, thereby reducing the incidence of

insect-borne viruses, and it conserved moisture. H ow ever, the yield was m ore than
double if additional insecticide applications were used during fruit setting for the
control o f tom ato fruitworm and other incoming virus vectors.
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D ue to the pest and disease com plex and the specific clim atic requirem ents, the
m anagem ent o f tom atillo production needs to utilize many resources including
im proved cultural practices, insect sam pling, and nonpesticidal and chem ical control.
Such an integrated approach resulted in tom atillo yields (17,900 kg/ha) that were
greater than those produced in M exico and California (4,500-11,200 kg/ha) (Rude,
1982; Giesenberg & Stewart, 1986).
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